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PROCEEDINGS. 


This  Association  is  not  respDnsible,  as  a  body,  for  the  opinions  or  views  ex- 
pressed by  individual  members. 


TUESDAY,  MARCH,  18,  J908. 

MORNING   SESSION. 

The  meeting  was  called  lo  order  by  the  President,  Mr.  A.  W. 
Johnston,  General  Manager,  New  York,  Chicago  &  St.  Louis  Railroad, 
at  9 130  a.  m. 

The  President : — The  ninth  annual  convention  is  now  declared 
open.  The  first  business  in  order  is  the  reading  of  the  Minutes  of  the 
last  meeting.  As  these  Minutes  have  been  printed,  and  the  members 
furnished  with  copies,  the  reading  will  be  dispensed  with  and  they 
will  stand  approved  as  printed,  unless  there  is  objection.  There  being 
no  objection,   the   Minutes   stand  approved. 

The  next  business   in  order  is  the   President's  address. 

PRESIDENT'S   ADDRESS. 

Standing  on  the  threshold  of  the  tenth  year  of  its  existence,  your 
Association,  in  taking  slock  of  its  achievements,  must  contemplate 
with  much  satisfaction  and  with  pardonable  pride  the  record  of  its 
progress  from  year  to  year,  and,  looking  backward  to  its  inception, 
and  then  considering  the  unprecedented  advance  in  all  departments  of 
industrial  science,  synonymous  with  the  extraordinary  development 
of  the  material  resources  of  our  Nation,  and  of  the  whole  World,  it 
would  almost  seem  as  if  the  little  group  of  men,  the  founders  of  this 
organization,  were  gifted  with  precognition  as  to  its  need  and  future. 
In  no  other  era,  perhaps,  has  there  been  so  great  a  demand  for  the 
rightful  application  of  exact  knowledge,  and  the  mission  of  this  Asso- 
ciation has  been  to  encourage  that  form  of  investigation  which  tends 
to  exactness  in  acquiring  knowledge,  and  sound  judgment  in  its  appli- 
cation  to   the   practical   problems   confronting   us. 
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10  BUSINESS    SESSION. 

This  Association,  based  as  it  is  upon  the  unit  of  individual  effort, 
has  encouraged  individual  liberty  in  the  analysis  of  problems,  in  the 
expression  of  views,   and  the   formation   of  policies. 

The  individualism  of  the  membership  has  been  an  incentive  to 
freedom  of  action,  and  while  during  the  formative  period  of  the 
organization  there  was  a  tendency  for  the  member  to  limit  his  ex- 
pression and  his  action,  a  tendency  that  was  inevitable  because  of  his 
prior  contact  with  many  of  the  topics  put  before  him  for  serious 
treatment,  his  official  experience,  and  adherence  to  local  standards, 
yet  as  the  time  has  gone  on,  and  the  true  relation  of  the  member  to 
his  sphere  of  action  within  the  Association  has  been  better  under- 
stood, a  very  significant  individualism  has  developed  and  very  much  of 
the  success  which  has  attended  the  work  of  your  Committees  has 
been  largely  due  to  the  freedom  of  action,  and  the  wide  latitude  in 
investigation,    inherent    in    our    scheme    of    organization. 

The  scheme  of  your  Association,  when  first  broached,  was  hailed 
with  a  certain  enthusiasm ;  it  commanded  respect,  alike  because  of  the 
seriousness  of  its  purposes,  and  the  personnel  of  its  sponsors.  The 
launching  went  off  happily,  and  then,  in  a  sense,  there  was  among 
those  observant  of  its  progress  an  era  of  calm  expectation.  Upon 
those  charged  with  the  navigation  of  the  new  craft  there  was  laid 
a    large    responsibility    and    a    serious    duty. 

In  the  old  days  of  wooden  hulls,  the  master  shipwright  was 
wont  to  say  that  a  ship  was  not  a  good  sailing  craft  until  she  had  found 
herself ;  that  is,  until  the  hull  and  rigging  had  undergone  a  natural 
adjustment  in  the  correlation  of  parts  with  respect  to  the  elements 
against  which  she  contended.  Thanks  to  the  manner  in  which  the 
keel  of  our  good  ship  was  laid,  the  structure  framed,  and  the  ordinary 
appurtenances   provided,   she   soon   found   herself. 

The  conservative  though  broad  policy  of  the  founders,  carried 
forward  by  their  successors,  has  brought  our  Association  thus  far 
with  increasing  influence  and  with  an  accentuated  appreciation  by  the 
Technical   World   of  the   value   of  its   conclusions. 

The  recent  public  discussion  of  all  phases  of  railway  administra- 
tion, and  the  attitude  toward  railroad  management  and  railroad 
maintenance  of  the  political  bodies  of  the  country,  have  brought  home 
to  all  of  us  the  concrete  fact  that  the  individual  having  to  do  with 
any  detail  of  railway  operation  and  maintenance  is  vitally  interested 
in  the  proper  determination  of  the  right  method  for  securing  safety, 
efficiency  and  economy  in  all  matters  relating  to  public  travel. 

By    public    travel    is    covered    all    the    agencies     for     transportation 

recognized   in   this   modern    age.      Within   a    comparatively    recent    period 

only   has   the   true   relation   of   the    carriage   of   persons    and   property   to 

•  the    development    of    civilization',    the    advancement    of    the    sciences    and 

the  arts,  and  the   fostering  of   all   the   multifarious   adjuncts   of  modern 
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life  been  rightly  understood,  and  in  that  carriage,  whether  as  Engineers 
of  Construction,  or  of  Maintenance,  or  as  Operating  Officers,  we  have 
a   vital,    individual    interest    and    responsibility. 

The  public  mind  has  been  greatly  agitated  by  the  impression 
created  through  the  medium  of  official  reports  dealing  with  casualties 
on  railroads.  The  makeup  of  such  reports  does  not  enable  the  ordi- 
nary reader  to  differentiate  between  those  accidents  arising  from  de- 
fects in  railway  structures  or  equipment  and  those  occurring  from 
neglect  or  disobedience  of  employes,  nor  is  the  public  rightfully  in- 
formed as  to  casualties  to  persons  not  employed  in  train  service,  so 
that  the  impression  has  gone  forth  in  spite  of  the  increasing  eflforis 
of  the  railways  to  promote  the  safety  of  travel  that  the  com- 
panies are  indiflferent  and  indisposed  to  heed  suggestions  or  com- 
mands   from   authoritative    sources. 

The  answer  to  this  may  be  found  in  the  reports  of  Committees 
of  this  Association  and  of  allied  associations,  dealing  with  railroad 
problems. 

Among  the  questions  particularly  affecting  public  travel,  more 
prominently  discussed  in  legislative  and  other  official  bodies,  and  by 
the  public  press,  and  made  the  subject  of  serious  inquiry,  are  those 
dealing  with  secure  permanent  way  and  efficient  train  protection.  The 
relation  of  sound  rails  to  our  permanent  way  is  no  new  subject.  One 
of  the  first  and  important  topics  set  aside  for  special  treatment  by  a 
Committee  of  this  Association  was  this  very  question  of  "Rail."  and 
the  record  of  this  Association  on  that  topic  indicates  a  consistent 
attitude  in  an  effort  to  bring  about  certain  modifications  in  the  more 
recent  practice  of  rail  manufacture,  and,  as  is  well  known  to  you 
all,  during  the  past  twelve  months  a  very  marked  advance  has  bee-i 
made  in  reaching  a  course  of  action,  as  between  the  maker  and  the 
user,  which  it  is  felt  will  result  in  a  certain  determination  of  some 
of  the  mooted  points  of  difference,  so  long  made  a  matier  of  con- 
tention. 

Your  Committee  on  Rail,  in  common  with  the  previously  accepted 
views  of  a  large  proportion  of  rail  users,  had  deemed  it  wise  to 
include  in  its  specifications  a  requirement  as  to  discard  at  the  top 
of  the  ingot.  Practical  men  on  both  sides  of  the  question  are  not  in 
accord  on  this  point.  One  of  the  large  railway  systems  has  reached 
a  conclusion  that  the  user  should  tell  the  maker  what  service  the  rail 
must  perform,  indicating  certain  tests  to  determine  its  availability  for 
such  performance,   leaving  the   maker  to  produce   the   article   required. 

With  respect  to  protection  to  trains  by  an  efficient  system  of 
signals,  this  Association  has  from  its  inception  given  this  most  im- 
portant matter  serious  study,  and  your  Committee  on  Signaling,  em- 
bracing within  i  s  membership  men  foremost  in  this  special  field  nf 
investigation,    has    kept    fully    abreast    of    the    development    in    this    most 
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important  adjunct  of  safe  railway  operation,  and  the  report  of  that 
Committee  lo  be  submitted  to  this  session  merits  the  most  serious 
consideration    and    candid    discussion. 

Official  inquiry  as  to  the  efficiency  of  various  types  of  railway 
signals,  and  with  special  reference  to  the  workings  of  block  signal 
systems,  has  resulted,  as  you  all  know,  in  the  appointment,  under 
Federal  Authority,  of  a  "Block  Signal  and  Train  Control  Board." 
I  am  pleased  to  note  that  the  membership  of  this  Board  includes  one 
of  the  members  of  the  Committee  on  Signaling  and  Interlocking  of 
this    Association. 

I  dwell  more  particularly  upon  the  "topics  of  Rail  and  Signals  at 
this  point,  for  the  reason  that  they  have  also  been  the  subject  of 
special  consideration  by  the  American  Railway  Association,  through 
the  Committee  on  Standard  Wheel  and  Rail  Sections,  and  the  Joint 
Committee    on    Interlocking    and    Block     Signals,     respectively. 

While  this  Association  sustains  no  official  relation  to  that  organ- 
ization, owing  to  the  character  of  our  membership,  we  are  regarded 
in  a  large  degree  as  allied  to  its  work,  and  it  looks  to  us  to  so  far 
take  note  of  the  trend  of  events,  as  indicated  by  its  action,  as  not 
to  go  before  the  public  with  conclusions  essentially  at  variance  in 
form  or  in  principle  with  its  official  utterances.  This  idea  has  been 
annunciated  in  a  request  from  the  Joint  Committee  on  Interlocking 
and  Block  Signals,  made  in  June  last,  and,  within  a  few  days,  the 
Committee  on  Wheel  and  Rail  Sections  has  inquired  as  to  the  willing- 
ness of  this  Association  to  take  up  and  carry  on  further  investigation 
of  the  Rail  question  along  certain  indicated  lines. 

While  recognizing  this  quasi  obligation  to  respect  the  leadership 
of  the  American  Railway  Association  in  securing  to  the  railways  of 
America  the  results  of  the  best  thought  on  the  varied  questions  in- 
cluded in  the  scope  of  our  work,  this  Association  must  judge  for  itself 
the    limitations    of    that    obligation. 

At  the  Eighth  Annual  Meeting,  the  Committee  on  Iron  and  Steel 
Structures  was  directed  to  undertake  a  series  of  tests  to  determine 
the  effect  of  moving  loads  on  bridges.  The  necessary  funds  for  this 
purpose  could  not  legitimately  be  provided  from  our  treasury,  and  the 
matter  of  securing  the  requisite  amount  of  money  from  all  the  rail- 
ways of  the  country,  through  the  American  Railway  Association,  wa^; 
undertaken  by  your  Board  of  Direction.  In  their  behalf,  your  Presi- 
dent submitted  the  question  to  the  Executive  Committee  of  the  Ameri- 
can Railway  Association,  and  was  courteously  afforded  by  that  Com- 
mittee the  opportunity  of  personally  discussing  the  project.  That 
Committee,  while  heartily  in  accord  with  the  proposed  action,  could 
not  legally  recommend  the  expenditure  of  any  of  the  funds  of  that 
association  for  the  purpose,  but  in  its  report  at  the  April  meeting  of 
the    American    Railway    Association    at    New    York    made    reference    to 
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the  matter  in  such  form  and  with  such  efifect  that  upon  subsequent 
requests  made  by  your  Board  of  Direction  to  the  railways  of  the 
country  a  sum  sufficient  to  cover  the  expense  of  two  years'  work  by 
the  Sub-Committee  on  Impact  Tests  was  subscribed.  The  report  indi- 
cating the  progress  of  this  special  work  is  before  you.  The  inaugura- 
tion of  these  Impact  TesiS  has  attracted  widespread  attention,  and 
it  is  the  expectation  of  the  Committee  that  the  tests  to  be  conducted 
during  the  coming  year  will  develop  conditions,  which,  upon  proper 
analysis,  will  throw  much  light  upon  our  present  vague  knowledge  of 
this  important  element  in  bridge  design. 

Acting  upon  a  suggestion  made  by  Mr.  George  W.  Kittredge,  Chief 
Engineer  of  the  New  York  Central  Railroad,  a  special  Committee,  co- 
operating with  the  Master  Car  Builders'  Association,  has  been  desig- 
nated to  investigate  the  question  of  flat  spots  on  car  wheels,  and  to 
determine  the  proper  limits  of  such  defects  for  wheels  of  different 
dimensions  carrying  loads  of  varying  amounts. 

For  many  years  the  interchange  rules  of  the  Master  Car  Build- 
ers' Association  have  indicated  empirically  a  certain  rejectable  limit 
for  flat  spots  on  wheels,  without  any  consideration  being  given  to 
the  loads  carried.  Several  theoretical  discussions  of  this  question  have 
appeared  in  the  technical  journals  recently.  Your  Committee  hopes, 
with  the  co-operation  of  the  laboratory  at  Purdue  University,  that  a 
practical  physical  demonstration  of  this  problem  can  be  had  during  the 
coming    year. 

For  some  years  the  attention  of  the  Maintenance  Engineers  of 
many  of  our  railroads  has  been  drawn  to  the  effect  produced  by  salt 
brine  drippings  on  the  life  of  rail  and  joint  fixtures  and  on  the  dura- 
bility of  bridges  and  other  like  structures.  This  has  caused  much 
anxiety  and  has  led  to  substantial  money  loss.  This  is  more  espe- 
cially true  of  those  lines  which,  in  the  nature  of  things,  are  the  natural 
avenues  for  moving  commodities  requiring  refrigeration  in  transit. 
The  dripping  of  salt  brine  from  refrigerator  cars  on  track  and  on 
bridge  floors  is  no  small  factor  in  their  deterioration.  Efforts  have 
been  made  in  past  years  to  bring  about  some  modification  in  the  con- 
struction of  such  special  cars,  so  as  to  eliminate  a  great  deal  of  thvs 
trouble,  but  it  still  continues.  So  long  as  it  affected  only  the  life  oi 
material,  and  did  not  necessarily  introduce  an  element  affecting  train 
operation,  and  on  the  score  of  a  disinclination  to  impose  what  might 
be  esteemed  burdensome  conditions  on  a  certain  class  of  traffic,  this 
important  matter  has,  in  a  sense,  been  ignored.  What  impels  me  at 
this  time  to  bring  it  forward  is  a  reference  in  Bulletin  No.  97  to  an 
experience  on  the  Delaware,  Lackawanna  &  Western  Railroad,  arising 
from  the  effect  of  salt  brine  drippings  on  automatic  block  signal  opera- 
tion. This  question  is  worthy  of  renewed  consideration,  and  if,  upon 
careful    inquiry    by    the    proper    Committee,    it    is    found    to    have    a 
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material  bearing  upon  safe  operation,  there  should  be  an  immediate 
effort  to  secure,  by  co-operation  through  the  Master  Car  Builders' 
Association,  a  modification  of  the  existing  arrangements  for  discharging 
the    salt    brine. 

The  reports  of  the  Standing  Committees  indicate  a  continuation  of 
that  serious  treatment  of  the  various  subjects  submitted  for  considera- 
tion. It  is  hoped  that  members  and  others  having  the  privilege  of 
the  floor  during  the  various  sessions  will  freely  participate  in  the  dis- 
cussions of  the  several  reports,  and  give  the  Association  the  benefit 
of  the  information  thereby  elicited. 

The  membership  of  the  Association  has  now  reached  the  consider- 
able number  of  six  hundred  and  eighty,  covering  the  United  States 
and  sixteen  o.her  countries.  We  can  truly  say  that  the  roll-call  of 
the  Association  would  ring  round  the  World ;  one-seventh  of  our 
members  responding  from  all  the  other  Greater  Continents  and  the 
Islands  of  the  Sea,  and  covering  the  Eastern  Hemisphere  from 
Australia  to  Japan,  and  Cape  Town  to  London,  and  in  the  Western 
World  from  Magellan's  Straits  to  Hudson's  Bay. 

The  strictly  Engineering  Departments  of  the  railways  claim  the 
larger  representation,  over  400  being  enrolled.  The  Operating  Officials, 
from    President   to    Superintendent,    contribute    112    members.     We   have 

15  Professors  from  Colleges  of  Engineering  and  over  100  members 
classifying  as   Consulting  and   Civil   and   Contracting   Engineers. 

The  reports  of  the  Secretary  and  of  the  Treasurer  for  the  fiscal 
year    show    a    healthy    financial    condition. 

The  wide  distribution  of  our  literature,  as  indicated  in  previous 
years,  continues;  the  sale  of  Bulletins  and  copies  of  Proceedings  is  an 
index  of  the  growing  importance  of  the  work  of  the  Association.  The 
continued  interest  in  our  Proceedings,  and  the  purchase  of  the  pub- 
lications by  the  railways,  is  most  important  as  reflecting  their  practical 
usefulness. 

The  Board  of  Direction  are  sensible  of  the  hearty  support  ac- 
corded them  by  the  chairmen  of  the  several  Committees,  and  by  the 
members    generally,    and    for    that  makes   due  acknowledgment. 

In  closing  my  year  of  service  in  your  cause,  I  desire  to  express 
my  appreciation  of  the  cordial  assistance  rendered  by  my  colleagues 
on  the  Board,  and  by  your  indefatigable  Secretary.  To  these  com- 
bined forces  I  attribute  whatever  of  success  in  advancing  your  in- 
terests   has    fallen    to    the    year    of    my    administration. 

May  the  Tenth  Year  of  your  existence  show  continued  growth  in 
numbers    and    in    influence.      (Applause.) 

The  President : — The  next  business  is  the  report  of  the  Secretary 
and    Treasurer. 

Secretary  E.  H.  Fritch  presented  the  report  of  the  Secretary  and 
Treasurer,   as   follows : 
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REPORTS  OF   SECRETARY   AND  TREASURER. 

To  the  Members  of  the  Association: 

The    following   report   is    respectfully   submitted : 

FINANCIAL    STATEMENT. 

Balance   cash   on    hand    last    annual    report $13.35589 

Receipts   during   the   year $17,772  73 

Expenditures    during   the   year 13,688  13 

$  4,084  60     4,084  60 

Balance    cash    on    hand $17,440  49 

RECEIPTS     IN     DETAIL. 

Sale    of    publications $  3.S8o  49 

Impact  fund    5.58i  74 

Advertising      666  00 

Dues   of   members,    etc 7.944  50 

$17,772  73 

EXPENDITURES     IN     DETAIL. 

Postage    and    exchange    $  424  31 

Stationery  and   printing    6,142  59 

Salaries    and    clerical    services 2,719  71 

Officers'  expenses    17  50 

Office  equipment    19  65 

Office   supplies    63  75 

Rents     720  00 

Expressage    •  • 335  35 

Light II  40 

Telephone  and  telegrams 80  24 

Committee  expenses   202  57 

Annual    meeting   expenses 486  15 

Entrance    fees   returned 50.00 

Impact   fund 2,414  91 

$13,688  13 

MEMBERSHIP. 

Alembership    last    annual    report 602 

Members  admitted   during  the  year 106  106 

708 

Dropped   for  non-payment  of  dues 20 

Resignations     5 

Deceased    members    3 

28  2S 

Membership    date    of    this    report 680 

Mr.   J.   B.   Berry    (Chicago,   Rock    Island   &    Pacific)  : — I    move   that 
the   report   be   accepted. 

(The   motion    was   carried.) 
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The  President: — The  Chair  extends  the  privileges  of  the  floor  to 
raih-oad  officials  and  to  Professors  of  Colleges  who  may  be  present, 
and  very  cordially  invites  them  to  take  part  in  the  discussion. 

The  first  report  for  consideration  at  this  session  is  that  of  the 
Committee  on  Uniform  Rules,  Mr.  R.  C.  Barnard,  chairman.  The 
Committee    will   please   come    forward    and    take    seats    at   the   table. 

The  chairman  will  make  a  preliminary  statement  regarding  the 
report  of   the   Committee. 

(See  report,  pp.  29,  30;   discussion,  pp.  31-38.) 

The  President: — The  next  report  to  be  considered  at  this  session 
is  the  report  of  the  Committee  on  Signaling  and  Interlocking,  Mr. 
A.  H.  Rudd,  chairman.  The  Committee  will  please  come  to  the 
platform. 

AFTERNOON    SESSION. 

(Vice-President   Walter   G.  Berg  in  the  chair.) 

The  Vice-President: — The  Secretary  will  proceed  with  the  reading 
of  the  recommendation  of  the  Committee's  report  on  Signaling  and 
Interlocking. 

(See   report,  pp.  39-86;   discussion,  pp.  87-108.) 

(President  Johnston  in  the  chair.) 

The  President : — The  next  business  is  the  report  of  the  Committee 
on  Water  Service,  Mr.  A.  K.  Shurtleff,  chairman.  The  Committee  will 
please  take  its  place  on  the  platform. 

(See   report,   pp.    109-153;    discussion,    pp.    154-162.) 

The  President: — The  next  report  is  that  of  the  Committee  on 
Buildings,  Mr.  O.  P.  Chamberlain,  chairman.  The  Committee  will  take 
its  place  on  the  platform,  and  the  chairman  will  make  a  preliminary 
statement.    . 

(See  report,  pp.    163-182;   discussion,  pp.    183-212.) 

EVENING    SESSION. 

(Past-President  Howard   G.   Kelley  in   the  chair.) 

Past-President  Kelley : — The  first  business  before  the  convention 
to-night  is  the  presentation  of  a  paper  on  "The  Strength  and  Endur- 
ance of  Steel  Rails,"  presented  by  Mr.  James  E.  Howard,  of  the 
Watertown  Arsenal.  The  paper  will  be  presented  by  Mr.  J.  P.  Snow, 
of  the  Boston  &  Maine  Railroad,  and  will  be  illustrated  by  a  num- 
ber of  lantern  slides. 

(Sec   report,   pp.   475-480;    discussion,   pp.   480-508.) 

Past-President  Kelley : — Before  proceeding  with  the  report  of  the 
Committee  on  Iron  and  Steel  Structures,  the  Chair  will  read  a  resolu- 
tion  that   has   been  presented : 

"Resolved,    That    this    Association    has    heard    with    profound    regret 


BUSINESS    SESSION.  17 

of  the  death  of  its  late  Vice-President/  Mr.  James  Dun — a  fellow- 
worker,  who  has  left  his  impress  on  the  railroad  development  of  the 
West,  and  this  convention  hereby  extends  its  profound  sympathy  to  his 
family." 

In  this  connection  the  Chair  will  say  that  the  life  of  Mr.  James 
Dun  was  so  intimately  connected  with  the  growth  of  the  railroads  of 
the  West  and  with  the  lives  of  so  many  of  the  members  of  this  Asso- 
ciation that  this  resolution  appears  to  be  particularly  opportune.  The 
Chair  suggests  that  someone  make  a  motion  that  this  resolution  be 
adopted  by  the  Association  and  that  the  Secretary  be  authorized  to 
ext'^nd   the   sympathy   of   the   Association   to   the   family   of    Mr.    Dun. 

Mr.  A.  F.  Robinson  (Atchison,  Topeka  &  Santa  Fe  Railway  Sys- 
tem) : — I   make   such  a   motion. 

(The  resolution  was  unanimously  adopted  by   a   rising  vote.) 

Past-President  Kelley : — The  Chair  would  ask  that  some  of  the 
members  who  were  intimately  associated  .with  Mr.  Dun  say  a  fev/ 
words  to  the  members  of  this  convention  regarding  the  influence  which 
Mr.  Dun  had  upon  the  work  of  engineers  and  their  association  with 
him.  I  will  call  upon  Mr.  W.  B.  Storey,  Jr.,  Chief  Engineer,  Santa 
Fe   Railway   System. 

Mr.  W.  B.  Storey,  Jr.  (Santa  Fe  Railway  System)  :— Mr.  Dun 
came  into  my  life  about  fifteen  years  ago,  and  from  the  time  I  first 
became  acquainted  with  him  until  the  day  of  his  death  I  was  glad 
that  I  knew  Mr.  Dun.  He  was  intimately  connected  with  the  develop- 
ment and  growth  of  railroads  in  the  territory  from  the  Mississippi 
River  west.  He  began  his  life  in  the  Mississippi  Valley  and  continued 
to  live  in  the  Mississippi  Valley  during  his  entire  lifetime,  and  there 
is  hardly  anyone  connected  with  the  railroads  of  the  West  who  was  not 
acquainted  with  Mr.  Dun  and  his  work.  He  was  a  lovable,  kind  man 
in  every  way,  thoroughly  wedded  to  the  profession,  and  I  know  of  no 
one  who  had  its  advancement  more  at  heart.  I  would  like  to  ask 
that  some  of  those  who  knew  him  before  I  did  say  some  words  in 
regard  to  him.  Mr.  J.  F.  Hinckley  was  probably  acquainted  with  Mr. 
Dun  more  than  anyone  else,  and  should  be  able  to  say  something 
regarding  his   early  life. 

Mr.  J.  F.  Hinckley  (Frisco  Railway  System)  : — I  most  heartily 
wish  to  second  that  resolution.  My  acquaintance  with  Mr.  Dun  covers 
forty  years  of  social  and  official  life.  Bold,  frank  and  self-reliant,  he 
was  in  every  characteristic  a  man's  man,  yet  his  gentleness  was  oft- 
times  his  strength,  and  his  friends  were  the  better  from  having  known 
him. 

Past-President    Kelley : — The    Chair    will    call    on    M'r.    Purdon. 

Mr.  C.  D.  Purdon  (Frisco  Railway  System)  : — The  late  Mr.  Dun 
was  a  warm  personal  friend  of  mine,  and  while  I  deplore  his  loss,  I 
can   look  back   with   pleasure   to   the    fact   that    for   25   years    I    enjoyed 
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his  confidence.  The  world  has  lost  a  good  man ;  this  Association 
has  lost  a  valued  fellow-worker,  the  engineering  profession  has  lost 
a  first-class  engineer,  and  all  those  who  knew  Mr.  Dun  lost  a  warm, 
true-hearted  friend.  I  liave  not  the  language  to  express  all  that  I 
would  desire  to  say  concerning  Mr.  Dun.  He  was  always  the  same. 
Nothing  was  too  much  for  him  to  do  for  a  friend  either  in  money  or 
in  time.  I  have  heard  somewhere  that  someone  said  that  an  "honest 
man  is  the  noblest  work  of  God."  That  is  Jim  Dun.  I  have  in  mind 
the  poem  by  John  Hay,  written  some  years  ago,  "Jim  Bludsoe." 
There  is  one  stanza,  the  last  two  lines  of  which  apply  to  Mr.  Dun. 
As  I  recollect  them,  they  arc  as   follows: 

"A    careless   man   in   his   talk   was   Jim, 
And    an   awkward   hand   in   a    row; 
But    he    never    flunked,   and    he    never    lied ; 
I    reckon   he  never   knowed   how." 

Mr.  C.  A.  Morse  (Atchison,  Topcka  &  Santa  Fe  Railway)  : — I  was 
associated  with  Mr.  Dun  about  eighteen  years,  and  I  can  subscribe 
fully  to  remarks  of  Mr.  Storey  and  Mr.  Pardon.  Everyone  loved  Mr. 
Dun  and  all  were  treated  very  kindly  by  him  and  given  a  chance  to 
show  what  there  was  in  them. 

We  were  all  very  sorry  not  to  be  able  to  show  our  respect  by 
attending  Mr.  Dun's  funeral,  which,  owing  to  his  death  occurring  in 
Florida,   was   impossible. 

Mr.  A.  F.  Robinson  (Santa  Fe  Railway  System)  : — I  was  one  of 
the  younger  men  under  Mr.  Dun,  and  my  misfortune  was  to  be  with 
him  only  lo  or  12  years.  He  had  something  about  him  that  drew 
everyone  to  him.  We  felt  as  though  he  were  an  elder  brother.  It 
did  not  matter  what  the  conditions  were,  we  put  the  most  absolute 
confidence  in  him,  knowing  that  he  put  equal  confidence  in  us.  We 
could  never  tell,  from  what  he  said,  in  so  many  words,  how  he  was 
suited.  We  could  always  tell,  however,  by  the  way  he  gave  us  work 
and  when  the  work  was  done,  while  he  said  little,  what  he  did  say 
led  us  to  understand  he  was  pleased.  For  my  own  part,  I  feel  as 
though  I   had  lost  an   elder  brother,  the  warmest  of  friends. 

Mr.  E.  H.  Fritch  (Secretary  American  Railway  Engineering  and 
Maintenance  of  Way  Association)  : — Mr.  James  Dun  was  elected  Vice- 
President  of  the  Association  in  1503,  and  served  in  that  capacity  for 
three  years  on  the  Board  of  Direction.  His  wise  counsel,  broad  views 
and  sound  judgment  materially  aided  in  raising  the  Association  to  the 
high   plane   of   influence   and   usefulness   to   which   it   has   attained. 

Past-President  Kelley : — We  will  now  consider  the  report  of  the 
Committee  on  Iron  and  Steel  Structures,  of  which  Mr.  J.  E.  Greiner,  of 
the   Baltimore   &   Ohio   Railroad,    is   chairman. 

(See   report,   pp.    ji,vj52;    discussicn,    ])p.    JS4-305.) 
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WEDNESDAY,  MARCH  18,  1908. 

MORNING   SESSION. 

(President  Johnston  in  the  chair.) 

The  President : — We  will  now  consider  the  report  of  the  Committee 
on  Ballasting.  In  the  absence  of  both  the  chairman  and  vice-chairman 
of  the  Committee,  Mr.  W.  J.  Bergen  will  act  for  the  Committee,  and 
make  a  preliminary   statement. 

(See  report,  pp.  307-310;  discussion,  pp.  311,  312.) 

The  President : — Bulletin  96  contains  a  valuable  discussion  on  "Open 
versus  Ballast  Deck  Structures,"  by  Mr.  A.  F.  Robinson,  Bridge  Engi- 
neer, Atchison,  Topeka  &  Santa  Fe  Railway  System.  It  was  intended 
to  discuss  this  paper  in  connection  with  the  report  of  the  Committee 
on  Iron  and  Steel  Structures  last  night,  but  it  was  not  reached.  As  a 
courtesy  to  Mr.  Robinson,  the  Chair  will  new  afford  him  an  oppor- 
tunity to  present  his  paper.  It  will  be  understood,  however,  that  the 
discussion  on  this  paper  will  be  by  correspondence  or  by  filing  written 
discussions    thereon. 

(See    report,   pp.   253-283;    discussion,   pp.   304,   305.) 

The  President : — The  next  report  to  be  considered  is  that  of  the 
Committee  on  Wooden  Bridges  and  Trestles,  Prof.  H.  S.  Jacoby, 
chairman.  The  Chair  will  ask  the  chairman  to  make  a  preliminary 
statement. 

(See   report,   pp.   313-360;   discussion,   pp.   361-382.) 

AFTERNOON    SESSION. 

(Vice-President    Walter    G.    Berg    in    the    chair.) 

Vice-President  Berg: — The  first  business  in  order  is  the  report  of 
the  Committee  on  Track,  Mr.  L.  S.  Rose,  chairman.  The  Committee 
will  please   take   its  place  on   the   platform. 

(See   report,    pp.    383-389;    discussion,    pp.    405-430.) 

Vice-President  Berg: — The  next  report  to  be  considered  is  that 
of  the  Committee  on  Rail.  Mr.  Wm.  R.  Webster,  the  chairman,  will 
outline  the  general  features  of  the  report. 

(See  report,  pp.  431-436;   discussion,   pp.  481-512.) 

Vice-President  Berg : — The  report  of  the  Committee  on  Yards  and 
Terminals  is  the  next  order  of  business.  Mr.  F.  S.  Stevens,  of  the 
Philadelphia  &  Reading,  is  the  chairman,  and   will  present  the  report. 

(See  report,  pp.  513-542;  discussion,  pp.  571-588.) 

THURSDAY,  MARCH  J9,  1908. 
MORNING    SESSION. 

(President    Johnston    in    the    chair.) 

The  President : — The  Chair  would  state  that  he  is  going  to  ask 
unanimous    consent    to    vary    from    the    usual    order    of    business,    and 
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instead  of  having  the  election  of  officers  announced  just  before  adjourn- 
ment at  the  afternoon  session,  he  desires  to  have  that  come  in  just 
before  the  noon  recess.  The  Chair  has  had  to  ask  the  indulgence  of 
some  of  the  Past-Presidents  and  Vice-Presidents  in  his  own  behalf 
during  some  of  the  sessions,  and  the  plan  in  view  is  simply  to  enable 
the  retiring  President  to  turn  over  to  Mr.  Berg  the  work  of  the  con- 
vention of  the  afternoon  session.  If  there  is  no  objection,  it  will  be 
so  ordered,  and  the  Chair  will  appoint  as  tellers  to  count  the  ballots 
Mr.  W.  J.  Bergen,  Mr.  F.  L.  Nicholson  and  Mr.  C.  W.  Boynton. 
The  tellers  may  retire  to  the  anteroom  during  the  morning  and  be 
prepared  to  submit  the  result  of  the  ballot  before  the  noon  recess. 

The  first  report  to  be  taken  up  at  this  session  is  that  of  the 
Committee  on  Roadway.  In  the  absence  of  the  chairman,  Mr.  H.  J. 
Slifer,  the  vice-chairman,  Mr.  Geo.  H.  Bremner,  will  present  the  report. 

(See  report,   pp.   589-630;   discussion,   pp.   631-648.) 

The  President: — We  will  next  take  up  the  report  of  the  Committee 
on  Masonry.  Mr.  A.  O.  Cunningham,  of  the  Wabash  Railroad,  is  the 
chairman,  and  will  make  a  preliminary  statement. 

(See  report,  pp.  649-658;  discussion,  pp.   659,  660.) 

The  President: — The  next  will  be  the  report  of  the  Committee  on 
Records,  Reports  and  Accounts,  Mr.  H.  R.  Safford,  of  the  Illinois 
Central,  chairman.  Mr.  Safiford  will  present  the  report  and  make  a 
preliminary  statement. 

(See   report,  pp.   661-675;    discussion,   pp.  676-694.) 

The  President : — This  morning,  by  unanimous  consent,  it  was  decided 
that  just  before  our  noon  recess  the  order  of  business  which  usually 
comes  just  before  the  adjournment  of  the  afternoon  session  should 
now  be  taken  up,  that  is,  the  announcement  of  the  election  of  officers. 
We  will  therefore  take  a  recess,  as  far  as  the  consideration  of  the 
report  under  discussion  is  concerned,  and  proceed  lo  declare  the  result 
of  the  ballot  for  officers  at  this  time. 

The  tellers  report  that  the  total  number  of  votes  cast  were  340, 
as  follows : 

For  President,  Walter  G.   Berg,  338. 

For  Vice-President,   L.   C.  Fritch,  336. 

For  Treasurer,  W.   S.  Dawley,  339. 

For   Secretary,   E.   H.   Fritch,  340. 

For  two  Directors  (three  years  each),  Chas.  S.  Churchill.  339; 
Edwin  F.  Wendt,  336. 

Gentlemen,  in  yielding  up  the  honor  of  the  office  of  President  of 
this  Association,  it  gives  me  great  pleasure  to  have  to  succeed  to  that 
important  and  honorable  office  our  First  Vice-President,  a  gentleman 
who  ever  since  his  association  with  us  has  been  indefatigable,  loyal  to 
our  cause,  and  in  every  way  worthy  of  the  high  office  to  which  he  is 
called.     (Applause.)     We   would    like   to    hear    from   Mr.    Berg. 
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President-EIect  Walter  G.  Berg: — Mr.  President  and  Gentlemen: 
I  did  not  expect  that  the  President,  in  introducing  me  to  the  office 
which  you  have  conferred  on  me,  would  use  such  eulogistic  language, 
as  it  really  makes  it  difficult  for  me  to  say  very  much  in  response. 
I  can  only  say  I  will  certainly  continue  to  bring  to  bear  upon  my  duties 
as  President  the  same  zeal  that  I  have  had  in  the  past  for  the  interests 
of  this  Association,  and  to  endeavor  to  emulate  and  follow  in  the 
footsteps  of  my  worthy  predecessor,  Mr.  Johnston,  and  the  various 
Presidents  who  have  preceded  him,  who  have  invariably  guided  the 
work   of   the    Association    with    faithfulness,    zeal,    energy    and    ability. 

It  may  be  a  coincidence,  my  being  called  on  to  preside  during  the 
tenth  year  of  the  existence  of  this  Association.  It  may  be  a  good 
omen  or  a  bad  omen  when  I  mention  that  over  thirty  years  ago  I  pre- 
sided during  the  tenth  year  of  my  engineering  class  at  college;  about 
twenty  j'ears  later  I  presided  during  the  tenth  year  of  the  existence  of 
the  Association  of  Railway  Superintendents  of  Bridges  and  Buildings, 
and  now  I  am  called  upon  to  preside  during  the  tenth  year  of  this 
Association.  The  other  two  associations  have  thrived — they  stood  the 
test  of  my  tenth  year  (Applause),  and  I  hope  this  Association  will 
similarly  be  able  to  withstand  the  fire  test  and  will  come  out  strength- 
ened   and   bloom    heavier    and    more    important    than    ever.     (Applause.) 

Gentlemen,  the  work  of  the  President  of  an  association  of  this 
character  must  be  supplemented  by  the  efforts  of  all  the  members  in 
order  to  insure  the  greatest  degree  of  success.  I  have  for  years  stated 
that  an  association  would  rise  and  fall  with  the  work  of  its  Secretary; 
that  it  was  largely  dependent  on  the  interest,  zeal  and  ability  of  the 
Secretary  of  the  Association,  who  is  the  Executive  Officer  of  the  Asso- 
ciation, in  conducting  the  work,  and  that  the  prosperity  of  the  Asso- 
ciation would  largely  depend  on  his  work.  We  are  fortunate  in  having 
as  Secretary  Mr.  E.  H.  Fritch,  who  fulfills  all  these  conditions,  and 
I  am  glad  to  see  that  the  result  of  the  votes  just  announced  indicated 
that  he  was  the  only  one  of  the  candidates  balloted  for  who  received 
the  unanimous  vote  of  all  the  members  present.  It  shows  that  he  has 
earned  the  good  wishes  of  all  of  our  members  by  his  successful  work, 
and   I   am  glad  that  this   compliment  has  been   paid    to   him. 

In  addition,  gentlemen,  I  wish  to  call  your  attention  to  the  fact 
that  in  the  work  of  an  association  of  this  kind,  the  Board  of  Direction 
and  the  President  can  establish  rules  and  regulations  and  perfect  the 
organization,  can  outline  what  may  be  called  general  rules  for  the 
guidance  of  the  employes — voluntary  emplo3'es  in  this  case — of  this 
Association,  and  the  Secretary  acting  as  our  General  Manager  can 
aim  to  keep  that  organization  in  line  and  attend  to  the  various  executive 
details  accordingly ;  but,  after  all,  we  are  dependent  for  our  successful 
work  on  the  energy  and  executive  ability  of  the  chairmen  of  the  various 
committees    and    the    co-operation    of    the    members    of    the    committees, 
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together  with  the  iiuHvidual  co-operation  of  every  member  of  the  Asso- 
ciation, in  connection  with  the  reports  and  discussions  on  the  floor,  and 
seeing  that  everything  shall  be  acted  upon  in  a  proper  manner  and  to 
the  best  interests  of  the  Association. 

I  wish  to  add  one  thought,  and  that  is  as  to  the  value  of  our 
Manual.  I  might  say  in  a  certain  sense  that  the  Manual  is  the  overt 
act  through  which  we  indicate  to  the  profession  at  large  and  the  railway 
authorities  what  we  have  accomplished,  what  we  have  considered  worthy 
to  present  as  recommended  practice.  Therefore,  in  a  certain  sense,  we 
should  concentrate  all  our  efforts  in  improvmg  that  Manual,  not  only 
by  additions  considered  and  adopted  in  proper  form,  and  being  included 
in  the  Manual,  but  by. keeping  the  Manual  up  to  date  by  differentiating 
and  excluding  all  matter  previously  adopted,  not  in  harmony  -  with 
subsequent  action,  or  obsolete,  as  it  may  well  be  understood  that  matter 
adopted  five  or  six  years  after  the  original  matter  was  adopted  would 
allow  us  to  reasonably  infer  that  some  matter  adopted  earlier  is  obsolete, 
due  to  the  advancement  and  trend  of  the   art   in  the  interim. 

The  Manual  publication  generally  might  be  compared  to  the  pub- 
lication of  a  compendium,  such  as  are  constantly  offered  for  sale  by 
subscription,  consisting  of  a  series  of  books  on  a  certain  subject,  where 
there  is  an  editorial  staff  created,  usually  with  some  very  well-known 
names  at  the  head  of  the  list,  the  real  work  being  done  by  experts 
on  the  staff.  The  work,  however,  in  the  case  of  these  publications  is 
guided  by  the  editor-in-chief  and  the  managing  editor.  In  this  par- 
ticular instance,  in  our  Manual,  we  are  co-operating  in  the  publication 
of  a  book  of  reference  for  the  profession,  in  which  every  member  of 
the  Association  is  one  of  the  staff  of  editors.  The  Board  of  Direction 
and  your  officers  can  be  likened  to  the  chiefs  of  the  editorial  staff, 
the  Secretary  can  be  likened  to  the  Managing  Editor,  with  the  assistance 
of  the  Editor  of  Publications ;  but  the  experts,  the  specialists,  selected 
from  every  field  of  the  work  to  be  covered,  are  the  members  of  our 
Association  as  a  whole.  They  are  the  experts  we  draw  on  to  make 
this  publication  a  success,  and  one  that  will  have  a  bearing  on  the 
entire   railroad   world   as   far   as   we   can   influence  it. 

It  should  also  be  our  endeavor  to  establish  ourselves  so  firmly 
that  we  will  become  the  authoritative  body  to  which  questions  properly 
belonging  to  us  will  be  referred  by  not  only  co-ordinate  bodies,  but  by 
what  might  be  called  superior  technical  railroad  associations,  and  that 
we  will  be  equipped  to  handle  such  questions  in  the  proper  manner. 
Our  recommendations  will  then  receive  proper  weight  and  influence 
the  trend  of  the   art. 

I  thank  3'ou,  gentlemen,  and  if  perhaps  it  might  be  thought  my 
remarks  are  in  the  nature  of  a  lecture,  I  hope  you  will  excuse  them  on 
the  basis  of  the   interest   I   feel   in  the  work.      (Applause.) 
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AFTERNOON   SESSION. 

(President   Walter  G.    Berg  in  the  chair.) 

The  President: — We  will  continue  the  consideration  of  the  report 
of   the    Committee    on    Records,    Reports    and    Accounts. 

(See   report,  pp.   661-675;   discussion,  pp.  676-694.) 

The  President : — The  next  report  to  be  considered  is  that  of  the 
Committee  on  Ties.  In  the  absence  of  the  chairman,  the  vice-chairman, 
Mr.  W.   W.   Curtis,   will   present  the   report. 

(See  report,  pp.  695-767;   discussion,  p.  768.) 

The  President : — The  next  report  is  that  of  the  Committee  on  Signs, 
Fences,    etc.     The    Secretary    will    please    read    the    report. 

(See   report,  pp.  769,  770.) 

The    President : — The    last    report    to   be    considered    is    that    of    the 
Committee  on  Economics  of  Railway  Location.     Mr.   McNab,  the  chair- 
man, will  please  make  a  statement  from  the  floor. 
■     (See  report,  pp.  771-774;  discussion,  p.  794.) 

The  President : — This  concludes  the  consideration  of  committee  re- 
ports.    Is  there  any  new  business? 

Mr.  C.  F.  W.  Felt  (Gulf,  Colorado  &  Santa  Fe)  :— I  desire  to  offer 
the   following   resolution : 

"Resolved,  That  this  Association  desires  .  to  place  on  record  its 
appreciation  of  the  eminent  services  rendered  by  the  retiring  President. 
Mr.  A.  W.  Johnston,  to  the  Association,  during  his  term  of  office  just 
closed,  as  well  as  the  efficient  manner  in  which  he  has  presided  over 
the  meetings  of  this   convention." 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  :— I  take  pleasure  in 
seconding   that   resolution. 

(The  resolution  was   unanimously  adopted.) 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  :— Mr.  Chairman,  I 
move  that  this  Association  desires  to  place  on  record  its  appreciation 
of  the  efficient  manner  in  which  the  general  affairs  of  the  Association 
have  been  carried  out  during  the  past  year  by  the  Secretary,  Mr. 
E.    H.    Fritch. 

Mr.  William  McNab  (Grand  Trunk  Railway)  : — M'r.  President,  in 
support  of  that  resolution,  I  think  ii  will  be  admitted  that  the  name  of 
Fritch  is  synonymous  with  that  of  the  Maintenance  of  Way  Associa- 
tion. We  have  noted  it  in  the  present  incumbent  of  the  Secretarial 
office  as  well  as  in  his  brother  before  him.  They  have  ever  been  fore- 
most in  the  work  of  the  Association,  yet  it  must  have  been  observed  at 
the  *  banquet  last  night  that,  by  a  strange  paradox,  they  were  both 
"endmen  !" 

(The  resolution  was  unanimously  adopted.) 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — I  move 
that  the  thanks  of  the  Association  are  due  and  are  hereby  tendered 
to  the  Committee  of  Arrangements  for  the   admirable  manner  in   which 
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all  arrangements  connected  with  this  convention  have  been  carried  out 
by  them. 

(The  resolution  was  unanimously  adopted.) 

The  President : — Is  there  any  further  new  business  to  be  brought 
before  the  Association.     Has  the  Secretary  any  announcements  to  make? 

Secretary  Fritch : — I  have  none,  Mr.  President. 

The  President: — There  being  no  further  business,  the  convention 
will  stand  adjourned  sine  die. 

The  Tenth  Annual  Convention  of  the  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association  will  be  held  at  the  Auditorium 
Hotel,  Chicago,  Illinois,  Tuesday,  Wednesday  and  Thursday,  March  i6, 
17  and  18,  1909. 

At  a  meeting  of  the  Board  of  Direction,  held  at  the  Auditorium 
Hotel,  Chicago,  March  20,  1908,  D.  D.  Car  others.  Chief  Engineer  of 
the  Baltimore  &  Ohio  Railroad,  zvas  elected  a  Director  to  fill  the  va- 
cancy due  to  election  of  L.  C.  Fritch  as   Vice-President. 

E.  H.  Fritch, 

Secretary. 


alt^r  Oilman  S^rg 

A   MEMOIR 


c:^c>oJi^cr-^    /'^^-^^ 


malter  6ilman  Berg. 

A   MEMOIR. 

Walter  Gilman  Berg,  the  sixth  President  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association,  died  suddenly  at 
New  York,  May   12th,  1908. 

He  was  born  on  January  12th,  1858.  On  his  paternal  side  he  was 
descended  from  Franc  D'Angelo,  of  a  distinguished  Italian  family,  which 
settled  in  Germany  in  the  eighteenth  century.  D'Angelo,  who,  though  in 
mercantile  life,  devoted  much  of  his  time  to  the  gratification  of  artistic 
tastes,  and,  as  a  contemporary  of  Goethe,  made  his  home  at  Frankfort- 
on-the-Main  the  center  of  an  artistic  and  musical  coterie.  Mr.  Berg's 
father,  Professor  Albert  W.  Berg,  was  born  at  Frankfort-on-the-Main, 
but  received  his  education  in  France,  and  though  German  by  name,  was 
essentially  French  in  character.  When  quite  young,  after  his  parents 
had  removed  to  America,  he  evinced  a  decided  musical  talent,  and  was 
sent  to  Paris  to  complete  his  education.  On  his  return,  he  commenced 
a  career  as  a  teacher  of  music  and  composer,  which  brought  to  him 
an  artistic  reputation  of  the  highest  order,  ending  only  at  his  death  in 
1906.  Professor  Berg  was  married  on  July  7th,  1853,  to  Miss  Helen 
McGregor  Morse,  who  was  descerided  from  English  Puritan  ancestry ; 
it  is  worthy  of  note  that  Yale  College  was  founded  in  the  house  of 
her  great-great-grandfather.  Rev.  Samuel  Russell,  a  prominent  man 
of  his  time.  She  was  born  in  Hanover,  N.  H.,  the  seat  of  Dartmouth 
College.  She  inherited  an  inclination  to  intellectual  work,  and  her 
environment   assisted    in    developing   it. 

Mr.  Walter  G.  Berg  thus  came  naturally  by  inheritance  to  intellectual 
qualities,  which  permeated  his  whole  life.  As  a  child,  at  birth,  he  was 
very  frail,  and  only  by  constant  care  developed  a  physique  which, 
though  slender,  permitted  great  activity,  even  in  his  nursery  days.  Even 
at  that  early  period  there  were  marked  indications  of  that  pertinacity 
of  purpose  which  actuated  his  whole  life.  At  a  very  early  age  he  gave 
evidence  of  rare  musical  ability,  and  all  through  manhood,  while 
professional  duties  kept  music  in  abeyance,  his  facility  of  reading  at 
sight   and   natural    aptitude   was    such    that    he   could    perform    creditably 


Prepared    by   A.    W.    Johnston,   Howard     G.     Kelley,     Hunter     McDonald, 
W.    G.    Besler,    W.    D.    Pence. 
•  iii 


iv  WALTER    OILMAN     BERG— A    MEMOIR. 

upon  the  organ  or  piano,  even  though  he  had  not  touched  the  instrument 
for   many  months. 

During  his  early  studies,  his  exceeding  vivaciousness  often  led 
him  into  trouble,  but  he  always  came  out  ahead,  and  perseveringly 
reached  the  goal. 

At  nine  years  of  age  he  was  taken  to  Europe,  and  began  a  course 
of  education  which  lasted  thirteen  years.  The  system  of  recreation  in 
vogue  at  the  schools  which  he  attended  appealed  to  him,  and  he 
entered  heartily  into  the  various  sports.  He  was  wont  to  take,  at  first 
with  his  tutors,  and  later  alone,  long  foot  tours  covering  Germany, 
Austria,  Switzerland,  Italy  and  France.  His  bodily  strength  was  thus 
developed,  and  his  keen  powers  of  observation  added  greatly  to  a  high 
degree  of  culture.  His  whole  university  career  was  marked  by  eminence 
in  scholarship,  which  was  crowned  by  the  award  of  the  Gold  Medal, 
offered  by  the  King  of  Wurtemburg,  for  a  treatise  on  spherical  conic 
sections.  The  award  of  this  prize  was  accompanied  by  the  testimony 
of  the  committee  that  not  only  the  accuracy  of  folio  drawing  showed 
superior  skill,  but  the  accompanying  thesis  evinced  unusual  acquaintance 
with  mathematical  literature.  Congratulations  were  showered  upon 
him,  and  the  Polytechnic  Institute  at  Stuttgart  awarded  him  a  scholar- 
ship, and  tendered  him  employment  on  government  surveys  and  other 
marks    of    distinction. 

Returning  to  this  country,  he  entered  railway  service  in  1879  as 
Office  Assistant  and  Shop  Inspector  of  Railroad  Bridges  of  the  Dela- 
ware Bridge  Company,  and  in  1880  entered  the  employ  of  the 
Engineering  Department  of  the  Richmond  &  Allegheny  Railroad,  serving 
as  Bridge  Inspector,  Engineer  of  Bridges  and  Buildings  and  Engineer 
in  Charge.  In  1882  he  entered  the  service  of  the  East  Tennessee, 
Virginia   &   Georgia   Railroad   as    Principal   Assistant   Engineer. 

In  January,  1883,  he  entered  the  service  of  the  Lehigh  Valley 
Railroad  Company  as  Assistant  Engineer,  in  charge  of  the  design  and 
construction  of  shop  buildings  and  roundhouses,  preliminary  surveys, 
location  and  construction  of  branch  lines,  and  in  charge  of  Chief 
Engineer's   office. 

In  1886  Mr.  Berg  designed  and  constructed  the  Lehigh  Valley 
Creosoting  Plant  at  Perth  Amboy,  and  was  given  entire  charge  of  the 
operation  of  the  plant,  in  addition  to  his  duties  as  Assistant  Engineer. 
This  plant   was   among   the   earliest   of   the   kind   to   be   operated   by    an 
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American  railroad.  The  plant  was  abandoned  some  years  later,  but 
Mr.  Berg,  through  his  studious  habits,  became  an  authority  on  the 
creosoting  process. 

On  November  ist,  1887,  he  was  appointed  Principal  Assistant 
Engineer,  with  office  at  Jersey  City,  for  the  extension  of  the  Lehigh 
Valley  Lines  east  of  South  Plainfield  and  the  development  of  its  water- 
front properties.  In  this  capacity  he  constructed  the  double-track  road 
from  South  Plainfield  to  the  Jersey  City  Terminal,  and  designed  and 
constructed  the  first  piers  now  in  use  at  the  latter  point.  This  latter 
work  was  a  sample  of  his  originality  in  design,  especially  the  pier 
layout,  by  means  of  which  a  large  amount  of  slip  room  was  procured  in 
the  face  of  limited  width  of  water-front,  the  piers  being  placed  on  an 
angle. 

On  December  ist,  1898,  he  was  made  Engineer  Maintenance  of 
Way  of  the  Lehigh  Valley  Railroad,  at  South  Bethlehem,  and  a  few 
months  later  was  given  charge  of  both  Engineering  and  Maintenance  of 
Way   Departments. 

On  February  ist,  1900,  he  was  made  Chief  Engineer  of  the  Lehigh 
Valley  Railroad,  in  charge  of  construction,  which  position  he  held  at 
the  time   of  his   death. 

As  Chief  Engineer,  he  designed  and  constructed  the  large  Railway 
Shop  System  at  Sayre,  Pa.,  including  a  large  reservoir  system  used  in 
connection  with  the  same,  in  which  work  several  phases  of  his  indi- 
viduality and  constructive  ingenuity  are  evident ;  he  also  made  elaborate 
studies  for  elimination  of  grade  crossings  through  the  various  cities ; 
made  exhaustive  studies  for  present  and  future  harbor  improvements  at 
Bufifalo  and  New  York,  involving  the  >:olntion  of  difficult  problems; 
made  studies  and  designs  for  large  terminal  yards,  not  only  covering 
the  present  needs  of  actual  service,  but  looking  toward  the  future,  which 
plans   are   now   being  followed   in   actual    construction. 

The  achievements  and  brilliancy  of  Mr.  Berg's  career  in  tho 
engineering  profession  conformed  with  the  record  he  made  while  i 
student  at  college,  where  his  adaptability,  studious  habits  and  exceptional 
intellect  were  evidenced  by  his  having  proof-read  German  publications, 
instructed   in   mathematics,    and   by   his   high    scholarship. 

Mr.  Berg  had  the  unusual  combination  of  executive  ability  and 
breadth  of  view  with  faculty  of  closest  attention  to  details,  working 
out   with   his   subordinates   the  minutest  detail   of  aiiy  design.    vHe    also 
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possessed  a  wonderfully  analytical  mind,  and  always  analyzed  a  subject 
exhaustively  before  reaching  a  conclusion  or  reporting  on  the  same. 

By  reason  of  his  remarkable  industry,  analytical  mind  and  engi- 
neering ability,  he  was  frequently  engaged  with  one  matter  or  another 
outside  of  his  regular  vocation  and  was  often  called  upon  by  other 
companies  and  individuals  to  pass  upon  plans  and  give  advice  and  other- 
wise  act  in   a   consulting  capacity. 

One  of  his  novel  achievements  as  a  Consulting  Engineer  was  the 
construction  of  the  freight  yard  of  the  Harlem  Transfer  Company  in  the 
Bronx,  New  York  City,  whereby  a  small,  ill-shaped  piece  of  city  property 
was  economically  developed  by  means  of  a  circular  freight  house  and 
circular  tracks,  the  idea  originating  with  Mr.  Berg.  This  design  proved 
highly  successful  and  has  since  been  used  by  the  Lehigh  Valley  at  its 
149th   Street  Terminal,  New  York  City. 

Mr.  Berg's  career  has  been  suddenly  closed,  but  few  men  during 
fourscore  years  or  more,  in  similar  walks  of  life,  have  accomplished 
so  much  as  he  in  his  comparatively  short  career.  The  inherited  influ- 
ences which  tended  to  develop  his  peculiar  traits,  and  undoubtedly  his 
rare  genius  in  exact  sciences,  came  from  the  substantial  English 
ancestry,  but  his  fine  artistic  tastes  came   from   the   foreign   strain. 

He  was  by  nature  kindly  and  genial,  inspiring  the  respect  of  all  with 
whom  he  came  in  contact,  and  courteous  in  his  bearing  always.  While 
he  stood  upon  an  eminence  professionally  reached  by  but  a  select  few, 
he  will  be  missed  not  alone  l)y  those  of  equal  or  similar  attainments, 
but  more  especially  by  those  among  the  lower  ranks  of  the  profession, 
to  whom  he  was  ever  ready  to  extend  a  willing  hand,  give  wise 
counsel  and  assistance  in  reaching  a  higher  plane  of  usefulness,  and  this 
was  true  as  well  in  his  relation  to  those  with  whom  he  v^'orked  and 
walked  in  his  daily  life,  outside  the  sphere  of  professional   activities. 

He  was  loyal  to  obligations  and  responsibilities  assumed  in  the 
work  of  the  several  scientific  and  professional  organizations  to  which 
he  belonged,  in  all  of  which  he  became  an  effective  force  and  leader. 
His  habit  of  mind,  his  industry,  his  sound  judgment,  and  his  practical 
conclusions  on  all  topics  submitted  to  his  analysis  made  him  an 
invaluable  addition  to   the   working   force   in  any   organization. 

He  was  an  author  of  note,  and  was  a  frequent  contributor  to  the 
engineering  magazines.  Among  the  publications  which  stand  as  monu- 
ments  of   his   discriminating,   practical    sense,    as    well    as   of   his    literarv 
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talent,  are  his  Aolumiiious  work  on  "Buildings  and  Structures  of 
American  Railroads,"  issued  in  1892,  and  still  standing  as  the  single 
comprehensive  work  in  its  special  field,  and  a  treatise  on  "Railway 
Shop  Systems,"  published  in  1904.  He  also  compiled  from  the  proceed- 
ings of  the  Association  of  Railway  Superintendents  of  Bridges  and 
Buildings  a  book  on  "Bridges  and  Buildings  of  American  Railroads,"  and 
from  other  sources  he  gathered  data  for  a  work  published  under  the 
title  of  "Berg's  Timber  Tests."  His  paper  on  "Education  of  Railroad 
M'en  for  Subordinate  Positions  of  Responsibility,"  written  for  the 
New  England  Roadmasters'  Association,  in  the  year  1900,  and  his 
paper  entitled  "Classification  of  Maintenance  of  Way  Accounts," 
which  was  published  in  the  fifth  volume  of  Proceedings  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  as  well  as 
others  which  might  be  mentioned,  are  of  lasting  value.  While  an 
officer  of  the  Association  of  Railway  Superintendents  of  Bridges  and 
Buildings  he  personally  edited  the  stenographic  reports  of  discussions 
for  the  proceedings  of  that  Association,  and  the  excellent  form  and  con- 
dition of  these  records  are  due  largely  to  his  labor  and  judgment. 

Mr.  Berg  became  a  member  of  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association  on  July  ist,  1899,  being  one  of 
the  charter  members.  He  became  the  first  Chairman  of  the  Committee 
on  Buildings,  and  the  report  published  in  Volume  i  of  the  Proceedings 
was  prepared  by  him,  and  that  report  indicates  his  grasp  of  the  under- 
lying principles  which  appealed  to  him  as  the  groundwork  for  committee 
organization.  In  that  report  he  inculcated  the  principle  of  individual 
eflfort  and  individual  initiative  in  committee  work,  and  it  was  practically 
the  forecast  of  methods  since  pursued  in  carrying  on  the  work  of  the 
standing    committees.     The    following    extract    is    worthy    of    place    here : 

"Each  member  should  be  asked  for  his  preference  in  the  choice  of 
subjects,  giving  first,  second  and  third  choice.  The  assignment  of 
subjects  could  then  be  made  with  reasonable  certainty  that  each  subject 
would  be  handled  by  an  expert,  or  at  least  the  work  be  one  of  pleasure, 
with  corresponding  profitable  results  to  the  Association  at  large.  As 
the  general  principle  underlying  the  Association's  work  is  the  collecting, 
classifying,  systematizing  and  disseminating  of  engineering  information 
connected  with  railroad  work,  and  not  the  aim  to  create  official  standards 
sanctioned  by  official  representative  votes,  the  work  will  be  largely 
dependent  upon   the  enthusiasm   displayed  by  the   individual   members  of 


viii  WALTER    GILMAN     BERG— A    MEMOIR. 

the  Committee,  more  particularly  the  sub-chairmen.  Success  will  be 
proportionate  to  the  care  shown  in  the  choice  of  the  proper  men  to 
handle    the    various    subjects." 

Mr.  Berg  was  made  Vice-Chairman  of  the  Committee  on  Records, 
Reports  and  Accounts,  at  the  fourth  annual  meeting  in  1903,  and 
rendered  efficient  work  in  that  position.  He  was  elected  a  Director 
in  March,  1904.  At  the  fourth  annual  meeting  in  1903,  Mr.  Berg  made 
the  first  specific  suggestion  regarding  the  compilation  of  conclusions  of 
the  several  standing  committees,  and  of  the  definitions  adopted  by  the 
Association  in  proper  form  for  publication,  as  the  recommended  prac- 
tice of  the  Association.  He  became  an  active  member  of  the  Publica- 
tion Committee  of  the  Board  of  Direction,  and  took  special  interest  in 
the  preparation  of  the  data  which  had  accumulated  in  the  form  of 
definitions,  specifications  and  principles  of  practice;  \^e  subsequent  issue 
of  the  Manual  in  the  admirable  form  we  find  it  was  very  largely  due 
to  his  special  care  and  to  his  genius  in  editing  and  compiling  matter 
which  it  contains.  His  conscientious  thoroughness  in  the  preparation  oiF 
plans,  reports  and  all  matters  for  which  he  assumed  to  be  reponsible 
was  manifested  in  all  the  work  performed  by  him  as  a  member  and 
officer  of  the   Maintenance   of  Way   Association. 

His  remarks  at  the  closing  session  of  the  ninth  annual  meeting 
reflect  with  great  clearness  his  theory  of  the  organization  of  which  he 
had  just  been  made  the  executive  head,  and  indicated  at  once  his 
modesty  in  the  assumption  of  important  duties  and  his  generosity  in 
his  conceptions  of  his  relation  to  those  associated  with  him.  The 
closing  hours  of  the  ninth  annual  session  were  for  him  the  beginning 
with  marked  energy  of  that  tenth  administration  of  the  office  which  it 
was  his  hope  he  might  have  filled  throughout  its  term  for  the  well-being 
of   the   whole   Association. 

In  the  preparation  of  the  lists  of  the  Committees  for  the  coining 
year  he  took  a  very  active  part,  and  he  gave  an  impetus  to  the  work 
of  the  Association  in  the  brief  period  while  he  lived,  as  its  President, 
which  gave  great  promise. 

The  organization  of  the  important  Committee  on  Rail  received  his 
particular  attention,  and  on  the  day  of  his  death,  of  which  there  was 
no  premonition  by  reason  of  impaired  physical  conditions,  he  v.as 
preparing  to  leave  for  Washington  to  represent  the  Association  at  the 
conference  called  by  President  Roosevelt  on  the  Conservation  of  our 
Natural    Resources. 
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In  1893  Mr.  Berg  was  married  to  Miss  Ruby  Burke,  of  Jennings, 
Va.  Mrs.  Berg  died  in  November,  1904.  Two  children  survive  them, 
Walter  G.,  Jr.,  ten  years  old,  and  Moncure  B.,  three  and  a  half  years 
old.  He  is  also  survived  by  his  mother,  sister  and  two  brothers.  One 
of  his  brothers,  Louis  D'Coppet  Berg,  is  a  well-known  architect  of 
ISfew  York  City;  the  other,  Alfred  Ellery  Berg,  is  a  writer  and 
dramatic  critic.  His  sister,  Lillie  D'Angelo  Berg,  is  a  teacher  in  one 
of  the  musical  conservatories. 

Mr.  Berg's  funeral  was  held  at  St.  Paul's  Episcopal  Church,  New 
York  City,  on  May  14th.  In  respect  of  his  memory,  the  Lehigh  Valley 
offices  were  closed,  and  the  very  large  attendance  of  its  officers  and  his 
associates  was  an  expression  of  the  sense  of  loss  sustained  by  those 
with  whom  he  had  been  associated  for  a  quarter  of  a  century.  To 
them  his  departure  meant  much  more  than  the  mere  loss  of  an  official 
of  a  corporation.  He  was  to  them  both  a  friend  and  a  mentor,  and  as 
a  superior  officer  in  his  department  won  admiration  for  acknowledged 
supremacy  in  his  profession,  and  obtained  the  entire  confidence  of  his 
office  staff  and  subordinates  by  courtesy  and  fairness,  and  by  his 
kindly   interest   in   the   welfare   of  the   individual. 

The  railway  which  he  served  with  such  fidelity  for  so  many  years, 
the  various  associations  scientific  and  social,  to  which  he  gave  so  much 
of  the  best  that  was  in  him,  and  his  friends  in  every  walk  of  life,  will 
forever  cherish  his  memory. 

Mr.  Berg,  in  addition  to  being  a  member  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association,  was .  a  member  of 
the  American  Society  of  Civil  Engineers,  member  of  the  American 
Roadmasters'  and  Eastern  Maintenance  of  Way  Associations,  Past- 
President  of  the  Association  of  Railway  Superintendents  of  Bridges 
and  Buildings,  member  of  the  Railway  Superintendents'  Association, 
member  of  the  Society  for  the  Promotion  of  Engineering  Education, 
member  of  the  American  Society  for  Testing  Materials,  member  of  the 
New  York  Railroad  Club,  member  of  the  Founders  and  Patriots  of 
America,  and  member  of  Holland  Lodge,  F.  &  A.  M. 


COMMITTEE 
REPORTS  AND  DISCUSSIONS 


REPORT  OF  COMMITTEE  NO.  XII— ON  UNIFORM 
RULES,  ORGANIZATION,  TITLES,  ETC. 

(Bulletin    94.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  submits  as  its  annual  report  a  set  of  rules  govern- 
ing   Supervisors    of    Signals. 

It  has  not  seemed  necessary  to  revise  the  rules  heretofore  adopted 
governing   Supervisors  of  Track  and   Structures. 

We  recommend  the  adoption  of  the  rules  as  presented  for  publica- 
tion   in    the    Manual    of    Recommended    Practice. 

RULES    GOVERNING    SUPERVISORS    OF    SIGNALS. 

(i)  They  shall  report  to  and  receive  instructions  from  the 
(Title.) 

(2)  They  shall  be  responsible  for  the  safe  condition  and  proper 
maintenance  of  all  signals  and  interlocking  plants  in  their  districts. 
They  must  inform  themselves  of  the  condition  of  signals  and  inter- 
locking plants,  make  necessary  repairs  of  such  defects  as  may  endanger 
or  delay  the  movement  of  trains,  and  promptly  report  defective  con- 
dition to \'^i^}f-?. 

(3)  They  shall  employ,  in  the  discharge  of  their  work,  such  men 
as  are  necessary  for  carrying  out  the  duties  for  which  they  are  re- 
sponsible. 

(4)  They  must  know  that  all  foremen  are  provided  with  all 
rules,  circulars,  forms,  and  special  instructions  pertaining  to  their 
duties,  and  that  they  fully  understand  and  comply  with  the  same. 

(5)  They  must  see  that  all  foremen  are  familiar  with  the  rules 
in  regard  to  train  signals  and  flagging,  and  that  they  fully  under- 
stand and  comply  with  the  same. 

(6)  They  must  know  that  all  foremen  are  supplied  with  tools  and 
material  necessary  for  the  efficient  performance  of  their  duties  and  must 
see  that  they   are  properly  cared   for  and   used. 
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(7)  They  shall  conform  to  the  prescribed  standards  and  plans  in 
the   execution    of    the    work    under    their    charge. 

(8)  They  shall  not  permit  experimental  trials  of  appliances  or  de- 
vices not  standard  with  the  company,  nor  give  out  information  of  the 
results  of   any   trial,    except   by  proper   authority. 

(9)  They  shall  keep  general  oversight  of  all  work  performed  in 
their  districts  by  contractors  or  others  who  do  not  come  under  their 
direct  charge,  and  see  that  nothing  is  done  by  them  that  will  interfere 
with  the  safety  of  track  or  movement  of  trains. 

(10)  They  must  make  frequent  inspections  of  all  signals  and  in- 
terlocking plants  in  their  districts  and  have  necessary  repairs  made  as 
promptly  as  conditions  require. 

Respectfully   submitted, 

R.    C.    Barnard,    Superintendent,    Pennsylvania    Lines,    Cincinnati,     O., 
Chairman. 

J.    H.    Abbott,    Bridge    Engineer,    Spokane    International    Railroad,    Spo- 
kane,   Wash.,    Vice-Chairman. 

C.  C.  Anthony,  Assistant  Signal  Engineer,  P.  R.  R.,   Philadelphia,   Pa. 

RoRERT   Bell,    Superintendent,    Pennsylvania   Railroad,    Buffalo,    N.    Y. 

C.   N.   Kalk,   Chief   Engineer,   Wisconsin   Central   Railway,    Chicago,   111. 

F;   L.   Nicholson,   Engineer   Maintenance   of  Way,   Norfolk  &   Southern 
Railroad,    Norfolk,    Va. 

J.  O.   Osgood,  Chief  Engineer,  Central  Railroad  of  New  Jersey,  Jersey 
City,  N.  J. 

J.    C.    Mock,   Electrical    Engineer,    Detroit   River   Tunnel    Company,    De- 
troit,  Mich. 

J.  A.  Peabody,  Signal  Engineer,  Chicago  &  Northwestern  Railway,  Chi- 
cago,   111. 

G.  H.  Webb,  Chief  Engineer,  Michigan  Central  Railroad,  Detroit,  Mich. 

C.  A.  Wilson,  Chief  Engineer,  Cincinnati,  Hamilton  &  Dayton  Railway, 
Cincinnati,    O. 

Committee. 


DISCUSSION. 

The  President: — The  first  report  for  consideration  at  this  session 
is  that  of  the  Committee  on  Uniform  Rules,  Mr.  R.  C.  Barnard,  chair- 
man. I  will  ask  the  Committee  to  come  forward  and  take  seats  at 
the  table.  The  chairman  will  make  a  preliminary  announcement  re- 
garding the  report  of  the  Committee. 

Mr.  R.  C.  Barnard  (Pennsylvania  Lines)  : — Mr.  President  and 
Gentlemen  of  the  Association :  Your  Committee  on  Uniform  Rules, 
in  presenting  its  report,  which  will  be  found  on  pp.  S3  and  54  of 
Bulletin  No.  94,  begs  leave  to  call  your  attention  to  the  instructions 
from  the  Board  of  Direction  "to  revise,  if  found  necessary,  the  Gen- 
eral Rules  for  Government  of  Employes  of  the  Maintenance  of  Way 
Department,  and  add  rules  for  the  government  of  Supervisors  of 
Signals." 

Your  Committee  has  fully  considered  the  revision  of  the  rules 
heretofore  adopted  for  the  Government  of  Employes  of  the  Main- 
tenance of  Way  Department,  and  finds  no  occasion  for  their  revision. 
It  presents  for  your  consideration  a  set  of  rules  governing  Supervisors 
of  Signals  and  recommends  their  adoption.  These  rules  have  been 
framed  to  comply  as  nearly  as  possible  in  phraseology  with  those 
heretofore  adopted  governing  Supervisors  of  Track  and  Structures. 
Some  of  the  members  of  the  Committee  suggested  slight  changes  in 
the  rules  now  submitted,  but  as  the  changes  suggested  were  more  in 
wording  than  meaning,  it  was  deemed  better  in  the  interest  of  uni- 
formity to  adhere  to  the  rules  we  now  present. 

The  report  of  your  Committee  in  1902  recommended  a  plan  of 
organization  which  has  been  followed  out  by  the  Committee  on  Uni- 
form Rules  since  that  time,  and  your  present  Committee  sees  no 
reason  for  varying  from  the  plans  heretofore  laid  down.  This  includes 
the  subdivision  of  the  Maintenance  of  Way  Department  into  three 
classes — Supervisors  of  Track,  Supervisors  of  Structures  and  Super- 
visors of  Signals,  and  rules  have  been  presented,  including  the  report 
now  offered,  covering  these  three  sub-departments.  It  has  not  been 
considered  by  your  Committee  desirable  to  go  above  the  rank  of 
Supervisor,  considering  it  preferable  for  the  different  roads  to  formu- 
late such  rules  beyond  that  point  as  might  best  suit  their  conditions. 
Your  Committee  has  also  given  due  consideration  to  the  suggestion 
that  a  fourth  class  be  added — that  on  Water  Service — but  has  con- 
cluded that  in  this   department   it   is   also   preferable   for   each    road   to 
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determine  for  itself  this  question ;  considering  further  that  on  such 
roads  where  tliis  branch  of  the  service  comes  under  a  separate  organi- 
zation, the  rules  governing  Supervisors  of'  Structures  can,  with  some 
slight  modifications,  be  made  applicable. 

With  this  explanation  we  submit  our  report,  of  which  we  will  be 
glad   to   have   a   full   discussion. 

The  President : — In  considering  the  report  of  the  Committee  you 
will  recall  the  ordinary'-  custom  of  requiring  the  Secretary  to  read  the 
report,  paragraph  by  paragraph,  a  pause  being  had  between  para- 
graphs, so  that  if  a  member  desires  to -discuss  the  paragraph,  he  will 
be  recognized  by  the  Chair.  In  the  absence  of  any  comment,  we  will 
proceed  to  the  next  paragraph.  The  Secretary  will  please  begin  to 
read  the   report  of  the   Committee. 

The  Secretary: — "(i)  They  shall  report  to  and  receive  instruc- 
tions   from   the 

"(2)  They  shall  be  responsible  for  the  safe  condition  and  proper 
maintenance  of  all  signals  and  interlocking  plants  in  their  districts. 
They  must  inform  themselves  of  the  condition  of  signals  and  inter-' 
locking  plants,  make  necessary  repairs  of  such  defects  as  may  endanger 
or  delay  the  movement  of  trains,  and  promptly  report  defective  con- 
dition to " 

Mr.  J.  A.  Peabody  (Chicago  &  Northwestern)  : — Mr.  Chairman,  the 
minority  objected  to  this  paragraph  and  suggested  that  it  be  changed 
to  read  as   follows : 

"They  shall  be  responsible  for  the  safe  condition  and  proper  main- 
tenance of  all  signals  and  interlocking  plants  in  their  districts.  They 
must  inform  themselves  of  the  condition  of  signals  and  interlocking 
plants,  have  necessary  repairs  made  and  promptly  report  defective  con- 
ditions to   " 

And  in  order  to  get  this  before  the  convention,  I  would  move 
that  this  change  be  made. 

The  President : — The  mover  will  please  file  with  the  Secretary  the 
motion  in  writing. 

The  Secretary : — "Such  defects  as  may  endanger  or  delay  the  move- 
ment of  trains"   is   stricken   out. 

Mr.  Barnard : — This  second  paragraph  i?  the  same  as  the  second 
paragraph  of  the  rules  governing  Supervisors  of  Track  and  Supervisors 
of  Structures,  and  for  the  sake  of  uniformity  we  put  it  in  as  we  did. 
I  do  not  believe  there  is  much  difference  in  meaning  between  the  rule 
as  presented  and  the  amendment  suggested  by  Mr.  Peabody.  One  is 
the  case  of  a  Supervisor  of  Signals  making  repairs  and  the  other  of 
his  having  them  made.     That  is  about  all  there  is  to  it,  as  I  see  it. 

The  President : — Any  further  discussion  on  this  proposed  amend- 
ment? The  question  is  on  the  adoption  of  the  amendment  to  the 
Committee's   report  as   read  by  the    Secretary. 
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(A  vote  was  then  taken  upon  the  proposed  amendment  and  the 
amendment  was   lost.) 

The  President: — The  paragraph  will  stand  approved.  The  Secre- 
tary  will    read    the   next   paragraph. 

The  Secretary: — "(3)  They  shall  employ,  in  the  discharge  of 
their  work,  such  men  as  are  necessary  for  carrying  out  the  duties  for 
which  they  are  responsible. 

"(4)  They  must  know  that  all  foremen  are  provided  with  all 
rules,  circulars,  forms,  and  special  instructions  pertaining  to  their 
duties,  and  that  they  fully  understand  and  comply  with  the   same. 

"(5)  They  must  see  that  all  foremen  are  familiar  with  the  rules 
in  regard  to  train  signals  and  flagging,  and  that  they  fully  understand 
and  comply  with  the  same." 

Mr.  William  McNab  (Grand  Trunk)  :— Mr.  President,  I  would  like  to 
ask  if  the  Committee  does  not  consider  that  the  sum  and  substance 
of  paragraph  5  is  not  embodied  in  the  previous  one,   No.  4? 

Mr.  Barnard : — In  a  way,  I  think  it  is,  but  I  do  not  think  the 
fourth  paragraph  fully  covers  the  fifth  one,  and  this  is  simply  another 
case  of  where  we  are  trying  to  preserve  uniformity  with  the  rules 
heretofore  adopted.  You  will  find  that  these  rules,  down  to  Rule  9, 
are  practically  the  same  as  the  rules  governing  Supervisors  of  Track 
and   Supervisors  of  Structures. 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — I  would  like  to  ask  if 
it  is  not  necessary  to  cover  more  than  the  foreman.  The  signal 
department  is  not  run  exclusively  by  a  gang  with  a  foreman.  It 
seems  to  me  they  should  be  enumerated.  It  is  necessary  that  these 
rules  should  be  observed  by  all  the  employes,  the  same  as  a  garrg 
with   a   foreman. 

Mr.  Barnard : — Mr.  Chairman,  I  will  say  that  we  considered  that, 
and  while  of  course  there  are  men  working  without  a  foreman,  they 
are  under  the  direction  of  the  foreman,  though  he  may  not  be  im- 
mediately over  them  at  the  time,  and  we  did  not  feel  that  the  Com- 
mittee could  go  into  the  formulation  of  rules  governing  the  employ- 
ment of  every  man,  because  each  road  probably  has  different  men 
in  the  signaling  department,  filling  different  positions  and  with  different 
duties.  We  feel  that  we  should  not  go  below  the  foreman.  If  we  do, 
we  will  get  into  deep  water. 

The  President: — Any  further  remarks?  If  not,  we  will  proceed 
with  the  next   rule. 

The  Secretary: — "(6)  They  must  know  that  all  foremen  are  sup- 
plied with  tools  and  material  necessary  for  the  efficient  performance 
of  their  duties  and  must  see  that  they  are  properly  cared  for  and  used." 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — Mr.  Chairman,  I 
want  to  supplement  what  Mr.  Rhea  has  just  said  as  to  the  use  of  the 
word  "foreman."  It  seems  to  me  that  it  is  a  point  which  is  very 
well   taken. 
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The   President: — You   are   speaking  of   Rule  6  or   Rule   7? 

Mr.  Ewing: — Rule  6;  it  also  applies  to  Rule  5.  In  automatic  signal 
work  there  are  signal  maintainers  who  report  directly  to  the  Supervisor 
of  Signals  in  a  great  many  cases.  You  never  think  of  a  foreman  in 
charge  of  those  men,  and  there  are  quite  a  number  of  similar  employes 
that  you  might  pick  out.  It  seems  to  me  that  some  other  word,  such 
as   "employes,"   should   be   substituted   for  the  word   "foreman." 

The    President: — Do   you   desire    to   maT<e   a   motion    to   that   effect? 

Mr.  Ewing : — Yes ;  I  would  make  a  motion  that  the  word  "em- 
ployes" be  substituted  for  "foreman"  in  Rules  5  and  6. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  :— Would  not  the  word 
"employes"  unqualified  mean  all  employes  of  the  railroad ;  should  it 
not  only  cover  employes  of  the  Signal  department?  It  seems  to  me 
that   should   be    qualified. 

Mr.  Rhea : — The  Committee  wording  is  as  susceptible  to  criticism 
as  the  words  suggested.  It  says  "all  foremen"  here.  This  might 
mean  all  track  foremen.  It  does  not  say  signal.  I  think  one  of  the 
members  of  this  Committee  has  formulated  this  in  about  the  way  it 
should    read. 

Mr.  Barnard : — As  far  as  qualifying  the  word  "foremen"  is  con- 
cerned, that  is  done  by  the  title,  "Rules  Governing  Supervisors  of 
Signals."  I  do  not  see  that  you  are  going  to  get  into  trouble  on  that. 
The  same  thing  applies  to  the  other  rules  that  have  been  adopted 
and  printed.  They  simply  speak  of  "foremen;"  and  I  do  not  think 
that  we  should  make  the  change  suggested  for  two  reasons :  In  the 
first  place  we  may  have  an  isolated  case  of  a  man  reporting  directly 
to  the  Supervisor  of  Signals,  who  is,  you  might  say,  a  foreman.  He 
is  not  working  for  anyone  else,  but  is  reporting  directly  to  the  Super- 
visor of  Signals,  and  I  thmk  as  such  would  be  considered  as  a  fore- 
man and  come  under  these  rules.  The  second  thing  that  occurs  to 
me  is  that  if  we  make  that  change  here  we  must  go  back  to  our 
Manual  of  Recommended  Practice  and  make  changes  in  the  rules 
already  adopted  and  printed  in  the  Manual  regarding  Supervisors  of 
Track  and  Supervisors  of  Structures.  We  refer  to  them  all  through 
simply   as    foremen.     I   do   not  believe   we   should  make   the   change. 

Mr.  Rhea :— I  do  not  think  that  is  the  case.  I  think  the  Super- 
visor of  Track  and  the  Master  Carpenter,  etc.,  where  they  have  men 
working  alone,  are  the  exception.  In  the  Signal  department  it  is  ac- 
tually the  rule,  and  the  department  js  so  made  up;  there  are  men 
working  in  the  Signal  department  that  come  under  no  foreman  at  all. 
They  report  directly  to  the  Supervisor  of  Signals  or  the  head  of  that 
department.  It  may  not  be  the  Supervisor  of  Signals.  It  may  be 
the  Master  Carpenter  in  some  cases,  but  the  facts  are  that  we  have 
a  number  of  men  in  the  organization  of  the  Signal  department  that 
are  not   foremen   but   are   repairmen.     The  parallel   between   the    Super- 
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visor    of    Track    and    the    Master    Carpenter    is    entirely    different,    and 
does  not  apply  here. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — In  line 
with  Mr.  Berg's  remarks,  I  would  suggest  that  a  substitute  for  the 
w-ord  "employes"  might  be  as  follows :  "or  men  in  responsible  charge 
of  signaling  apparatus  and  signaling  work."  I  think  that  would 
cover   signal   maintenance,    as   well   as   construction. 

The  President: — Mr.  Camp,  do  you  offer  that  as  an  amendment 
or  a  suggestion  to  the  original  motion?  Does  the  mover  accept  that 
as  a  suggestion? 

Mr.  Ewing:— No,  sir;  I  do  not  think  that  would  cover  it.  You 
have  construction  employes  and  operating  employes.  I  do  not  think 
that  term  is  general  enough. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — M'r.  Chairman,  I  would 
suggest,  as  meeting  the  sentiment  here,  that  it  read  as  follows : 
"They  must  know  that  all  employes  responsible  therefor."  I  offer 
that  as  an  amendment. 

Mr.  Barnard : — Mr.  Chairman,  one  of  the  members  of  the  Com- 
mittee suggests  the  following:  "They  must  know  that  all  foremen, 
maintainers  and  repairmen  are  provided  with  all  rules,  etc."  I  think 
that  covers  it,  and  possibly  would  be  more  acceptable  to  the  members 
of   the   Association    than    the   wording   of    the    report. 

The  President : — Does  the  gentleman  offer  that  as  an  amendment 
to   the  report? 

Mr.  Barnard : — I  am  perfectly  willing  to  accept  it,  if  the  Associa- 
tion does  not  like  the  wording  that  we  have  offered. 

The  President: — The  motion  before  the  convention  that  has  been 
offered  by  Mr.  Ewing  has  been  seconded  by  Mr.   Rhea. 

]\Ir.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  :— 
Mr.  Chairman,  I  hope  that  the  amendment  will  not  prevail,  and  I 
trust  that  the  paragraph  as  printed  will  stand.  If  there  is  but  one 
man  in  a  gang,  he  is  the  foreman  of  that  gang,  whether  his  title 
is  that  of  foreman  or  repairman  or  maintainer.  The  rules  adopted 
by  this  Association  are  of  such  breadth  that  they  will  take  in  all 
men  who  are  classified  under  the  title  given,  even  if  they  are  not 
actually  indicated  by  the  names  given.  I  want  to  speak  in  favor  of 
the   recommendation   as   made   by   the   Committee. 

The  President : — The  question  is  on  the  amendment  offered  by 
M  r.   Ewing. 

(The  motion  was  lost.) 

The     Secretary: — "(7)     They     shall     conform     to     the     prescribed 

standards  and  plans   in   the   execution   of  the   work  under   their   charge. 

"(8)     They    shall    not    permit    experimental    trials    of    appliances    or 

devices    not    standard   with    the    company,    nor    give    out    information    of 

the   results  of   any  trial,   except  by   proper   authority." 
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Mr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  :— In  several  of 
the  rules  they  say  "must."  Why  not  use  the  word  "must"  instead 
of  "shall,"   and  make   it  alike   and   imperative. 

Mr.  Barnard:— The  Committee  had  thought  of  that,  Mr.  Chairman, 
but  considered  this  variation  permissible,  as  it  is  desirable  in  some 
cases  to  put  more  emphasis  on  certain  rules  than  on  others.  We 
think  where  the  word  "must"  is  used  these  rules  permit  of  no  evasion. 
In  other  instances  their  enforcement  is,  in  a  measure,  optional. 

Mr.  Berry:— I  think  if  the  Committee  were  to  leave  it  optional 
as  to  their  living  up  to  the  plans  and  specifications  they  would  find 
the   word    "must"    a    serviceable   one. 

The  President :— Do  you  make  that  as  a  motion  to  amend  the  rule? 

Mr.  Berry  : — Yes,  sir. 

Mr.  W.  F.  Stefifens  (South  &  Western)  :— The  question  that  has 
been  raised  by  Mr.  Berry  arises  in  all  specifications.  Variation  be- 
tween "shall"  and  "must"  is  generally  recognized  by  writers.  There 
are  certain  paragraphs  that  need  more  emphasis  than  others,  and 
for  these  the  word  "must"  rather  than  "shall"  is  indicated.  I  be- 
lieve that  the  rules  as   formulated   should   stand. 

The  Secretary: — "(9)  They  shall  keep  general  oversight  of  all 
work  performed  in  their  districts  by  contractors  or  others  who  do  not 
come  under  their  direct  charge,  and  see  that  nothing  is  done  by  them 
that  will  interfere  with  the  safety  of  track  or  movement  of  trains." 

Mr.  Peabody: — I  would  make  the  suggestion  there,  that  it  is  no 
more  the  safety  of  the  track  in  particular  than  any  other  one  thing 
,we  are  looking  for,  but  it  is  the  safe  movement  of  the  trains,  and  I 
therefore  move  that  the  last  line  of  Rule  9  be  changed  so  as  to  read, 
"that   will   interfere   with   the    safe   movement   of   trains." 

Mr.  Barnard : — I  want  to  call  attention  again  to  the  form  of  rules 
adopted  for  Supervisors  of  Track — you  will  see  that  the  same  thing 
applies  there — Rule  14,  governing  Supervisors  of  Track,  reads :  "They 
shall  keep  general  oversight  of  all  work  performed  in  their  districts 
by  contractors  or  others  who  do  not  come  under  their  direct  charge, 
and  see  that  nothing  is  done  by  them  that  will  interfere  with  the 
safety  of  track  or  movement  of  trains."  I  do  not  know  that  there 
is  any  special  objection  to  eliminating  these  words,  but  they  are  put 
in  the  rule  to  have  the  rules  as  nearly  uniform  as  possible. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  :— Rule  No.  9  is,  I 
believe,  identical  with  those  under  Supervisors  of  Structures  and  Super- 
visors of  Track.  I  would  ask  the  Committee  where  the  responsibility 
is  centering  for  seeing  that  the  work  does  not  interfere  with  the 
safety  of  track  or  movement  of  trains?  The  rules  are  identical  for 
these  other  officers. 

Mr.  Barnard : — The  Committee  considers  that  this  is  covered  by 
your  organization  above  the  rank  of  Supervisors.  That  is,  in  the 
Engineering   Department,   covered    on   each    road    by   the   organization. 
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The  President : — The  motion  before  the  house  is  the  adoption  of 
the  amendment  offered  by  Mr.  Peabody  to  change  the  expression  of 
the  last  portion  of  Rule  9,  as  offered  by  the  Committee. 

(The  motion   was   lost.) 

The  Secretary: — "(lo)  They  must  make  frequent  inspections  of 
all  signals  and  interlocking  plants  in  their  districts  and  have  necessary 
repairs   made   as   promptly   as    conditions    require." 

Mr.  Peabody : — I  believe  that  is  covered  by  Rule  2,  and  therefore 
I  move  that  Rule  lo  be  eliminated. 

Mr.  Barnard : — I  do  not  agree  with  Mr.  Peabody.  I  do  not  think 
it  is  covered  by  Rule  2 ;  but  that  is  a  matter  which  should  be  left 
with  the  Association.  I  may  say  that  there  is  a  difference  of  opinion 
among  the  members  of  the   Committee  with   regard  to  that. 

The  President : — The  motion  is  to  strike  out  Rule  lo  offered  by 
the  Committee,  as  being  unnecessary  in  view  of  the  phraseology  of 
Rule  2. 

Mr.  Berg: — While  I  admit  there  is  a  slight  repetition  in  Rules 
lo  and  2j  yet  if  we  strike  out  Rule  lo  for  that  reason,  we  would 
have  to  go  back  for  the  sake  of  uniformity  and  similarity  under  the 
rules  governing  Supervisors  of  Structures  heretofore  adopted  and 
strike  out  Rule  lo,  because  it  is  partly  covered  by  Rule  2.  In  other 
words,  the  adoption  of  the  additional  paragraph  presented  in  this  Com- 
mittee's report  is  in  accordance  with  the  general  rules  of  Supervisors 
of  Structures    and    Supervisors   of   Track   already   adopted. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — The 
only  difference  I  can  see  between  Rules  lo  and  2  is  that  Rule  lo 
requires  that  they  must  make  frequent  inspections,  and  that  is  not 
covered  in  Rule  2.  If  Rule  lo  should  end  with  the  word  "districts" 
it  seems  to  me  it  would  be  better,  *  and  I  ask  Mr.  Peabody  to  accept 
that  as  an  amendment  to  his  motion,  and  that  we  omit  from  Rule  lo 
the  words  "and  have  necessary  repairs  made  as  promptly  as  condi- 
tions  require." 

Mr.  Peabody : — I  cannot  accept  that  amendment,  as  I  believe  that 
starting  with  the  third  line  in  Rule  2,  "they  must  inform  themselves 
of  the  condition  of  signals  and  interlocking  plants,"  etc.,  covers  that 
fully.     That  is  the   inspection. 

Mr.  Lindsay : — They  might  "inform"  themselves  by  the  inspection 
of  others. 

(The  President  put  the  motion  on  the  amendment  to  strike  out 
Rule   ID,  which   was   lost.) 

The  President: — The  question  is  on  the  adoption  of  the  report 
of  the  Committee  as  a  whole. 

Mr.  D.  D.  Carothers  (Baltimore  &  Ohio)  : — I  move  that  the  rules 
as  a  whole  be  adopted,  as  the  recommended  practice  of  this  Association. 
I    want   to    congratulate   this    Committee,    before    I    sit    down,    upon    the 
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work  it  has  done.  I  had  the  honor  of  being  the  chairman  of  the 
Committee  ten  years  ago,  when  we  started  at  the  other  end  of  the 
problem — the  upper  end.  We  commenced  at  the  top,  and  made  no 
progress  for  two  years,  and  then  we  gave  it  up.  We  had  opposition 
all  around.  The  present  Committee,  by  starting  at  the  bottom,  has 
met  with  good   success.      (Applause.) 

Mr.  Berg: — I  second  the  motion  Mr.  Carothers  made,  but  I  would 
like  to  ask  him  to  make  a  change,  from  recommended  general  practice 
to  recommended  general  rules,  the  form  we  have  used  heretofore. 

Mr.  Carothers : — I  accept  that  amendment. 

Mr.  Wendt : — Before  voting  on  this  motion  I  would  like  to  ask 
the  Committee  two  questions :  First — Does  ii  think  any  rule  is  neces- 
sary to  prescribe  the  responsibility  of  the  Supervisor  of  Signals  in 
connection  with  the  proper  maintenance  of  switch  points  in  connec- 
tion with  throwing  the  signals?  Facing  switches  are  well  protected  by 
automatic  signals,  and  ought  to  be  kept  in  a  certain  definite  condi- 
tion, and  when  the  switch  point  is  open  a  certain  distance,  the  signal 
will  indicate  this  defect.  The  thought  has  occurred  to  some  of  us 
that  probably  a  rule  defining  the  responsibility  of  the  Signal  depart- 
ment in  this  respect  is  necessary.  Secondly — What  does  the  Committee 
think  with  respect  to  a  definition  of  responsibility  of  the  Supervisor 
of  Signals  with  reference  to  the  maintenance  of  insulated  joints?  This 
is  an  important  question,  and  has  not  been  touched  upon  in  any  previous 
rules  that  have  been  issued.  I  am  free  to  confess  that  there  should 
not  be  any  attempt  on  the  part  of  this  Association  to  prescribe  any 
more  rules  than  are  generally  applicable — rules  that  center  responsi- 
bility. These  two  questions  naturally  occur  to  us  in  considering  this 
subject. 

Mr.  Barnard : — The  Committee  has  not  considered  these  two  ques- 
tions, and  without  going  over  them  with  the  full  membership  of  the 
Committee  I  do  not  feel  like  answering.  I  suggest  that  these  are 
pertinent  questions,  and  would  probably  be  proper  subjects  for  con- 
sideration in  the  next  report  of  the  Committee.  Before  Mr.  Wendt 
took  the  floor  I  was  going  to  suggest  that  after  these  rules  are  dis- 
posed of,  the  convention  give  us  an  expression  of  opinion  as  to  what 
work  should  be  carried  on  next  year.  I  think  the  points  which  Mr. 
Wendt  has  brought  up  would  be  very  good  ones  to  work  on,  among 
others. 

(The  motion  of  Mr.  Carothers  on  the  adoption  of  the  report  was 
then  put  to  vote   and   carried.) 

The  President: — The  Committee  is  relieved  with  the  thanks  of  the 
convention. 


REPORT  OF  COMMITTEE  NO.  X— ON  SIGNALING 
AND  INTERLOCKING. 

(Bulletin    95.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

During  the  past  year  your  Committee  on  Signaling  and  Interlocking 
held  meetings  as  follows: 

March  19,  at  Chicago:  Present,  Messrs.  Anthony,  Clausen,  Ellis, 
Mock,   Patenall,    Peabody,   Rhea,    Stevens,   Wendt,   and  Rudd,   Chairman. 

Organization  established  as  follows :  Eastern  Section — Messrs.  Ames, 
Anthony,  Balliet,  Mock,  Patenall,  Temple,  Waite,  Wendt,  and  Rudd, 
Chairman.  Western  Section — Messrs.  Dunham,  Ellis,  Hovey,  Peabody, 
Rhea,  Scott,  Stevens,  Taussig,  and  Clausen,  Chairman. 

System  of  signaling  to  the  Eastern  Section. 

Adaptation  of  such  system  to  roads  using  disc  signals.  Sub-commit- 
tee :    Messrs.  Ellis,  Hovey,  Rhea,  and  Peabody,  Chairman. 

Mechanical  and  Electrical  Interlocking  and  Rubber-Covered  Wire 
Specifications  and  Standard  Contract,  to  the  Western  Section. 

April  24,  Eastern  Section,  Philadelphia :  Present,  Messrs.  Ames,  An- 
thony, Balliet,  Mock,  Patenall,  Wendt,  and  Rudd,  Chairman.  Absent, 
Messrs.  Temple  and  Waite. 

Western  Section,  May  23,  Chicago :  Present,  Messrs.  Ellis,  Hovey, 
Peabody,  Rhea,  Stevens,  and  Clausen,  Chairman.  Absent,  Messrs.  Scott, 
Dunham  and  Taussig. 

Eastern  Section,  June  3,  Buffalo :  Present,  Messrs.  Anthony,  Mock, 
Patenall,  Wendt,  and  Rudd,  Chairman.  Also  Mr.  Rhea  of  Western  Sec- 
tion.    Absent,  Messrs.  Ames,  Balliet,  Temple  and  Waite. 

Entire  Committee,  June  4,  Buffalo :  Present,  Messrs.  Ames,  Anthony, 
Ellis,  Hovey,  Mock,  Patenall,  Peabody,  Rhea,  Wendt,  Clausen,  Vice- 
Chairman,  and  Rudd,  Chairman.  Absent,  Messrs.  Balliet,  Dunham,  Scott, 
Stevens,  Taussig,  Temple  and  Waite. 

Entire  Committee,  August  12,  13,  14,  15,  16  and  17,  Detroit:  On  the 
I2th  and  13th,  all  members  were  present  except  Mr.  Scott,  17  in  all.  On 
the    14th   and    15th   all  were  present     except    Messrs.    Ames,    Balliet   and 
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Scott.  On  the  i6th  and  17th  all  were  present  except  Messrs.  Ames  and 
BalHet. 

Sub-committee,  August  18,  19  and  20,  consisting  of  Messrs.  Anthony, 
Mock,  Rhea,  Waite,  and  Clausen,  Chairman,  to  prepare  report. 

Entire  Committee,  December  3,  Pittsburg:  Present,  Messrs.  Ames, 
Anthony,  Ellis,  Hovey,  Mock,  Patenall,  Peabody,  Rhea,  Stevens,  Wendt, 
and  Rudd,  Chairman. 

Entire  Committee,  December  4,  Pittsburg:  Present,  Messrs.  Ames, 
Anthony,  Ellis,  Hovey,  Clausen,  Patenall,  Peabody,  Rhea,  Stevens,  Wendt, 
and  Rudd,  Chairman. 

The  Board  of  Direction  assigned  to  your  Committee  a  variety  of 
subjects,  conferences,  etc.,  on  which  it  has  the  honor  to  report  as  follows: 

Mechanical  Specifications,  Electric  Interlocking  Specifications  and 
Rubber-Covered  Wire  Specifications,  submitted  by  the  various  commit- 
tees to  the  Railway  Signal  Association,  were  all  referred  back  to  the 
committees.  In  view  of  the  sentiment  expressed  by  this  Association  dur- 
ing the  past  two  years  that  matters  of  this  nature  should  be  first  acted 
upon  by  the  Signal  Association,  this  Committee  has  deemed  it  proper 
to  wait  for  its  action  and  therefore  makes  no  report  or  recommendations 
on  these  subjects. 

Standard  Contract.  Your  Committee  reports  progress,  but  is  not 
yet  prepared  to  present  conclusions. 

Conference  with  Joint  Committee  of  the  American  Railway  Associa- 
tion.    Such  conference  could  not  be  arranged. 

Conference  with  Committee  on  Track,  relative  to  switchstands.  Your 
Committee  recommended  to  the  chairman  of  Committee  on  Track  that 
action  be  deferred  until  other  important  points  bearing  on  the  subject 
of  signaling  are  settled. 

The  remaining  subjects  assigned  were: 

(a)  Review  and  present  recommendations  in  regard  to  the  subject 
of  indications. 

(b)  Report  upon  a  system  of  signaling. 

(c)  System  of  signaling  with  banjo  signals. 

(d)  Prepare  outline  and  description  of  a  comprehensive  and  sys- 
tematic signal  system  suitable  for  adoption. 

These  items  so  closely  related  are  treated  as  one  subject  and  form  the 
basis  of  this  year's  report,  as  given  below. 
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SYSTEM   OF   SIGNALING. 

HISTORICAL. 

While  various  railroads  and  the  Railway  Signal  Association  have, 
for  the  past  ten  years,  devoted  their  efforts  to  standardizing  various 
parts  of  signal  mechanisms,  the  first  concerted  effort  to  attain  uniform 
signal  indications  on  a  system  was  made  by  the  General  Managers  of  the 
Pennsylvania  Lines  East  and  West,  when,  on  November  27,  1903,  they 
appointed  a  joint  committee  of  their  Signal  Engineers  for  this  purpose. 
The  result  was  largely  a  compromise  of  existing  conditions  on  these  two 
lines,  and  was  not  adopted.  September  28,  1904,  the  Vice-President  of 
the  New  York  Central  Lines  started  a  similar  movement,  resulting  in 
the  appointment,  October  26,  1904,  of  a  committee  consisting  of  representa- 
tives from  the  Boston  &  Albany,  Pittsburg  &  Lake  Erie,  New  York, 
Chicago  &  St.  Louis,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis,  Lake 
Shore  &  Michigan  Southern,  Michigan  Central  and  New  York  Central  & 
Hudson  River  Railroad,  with  instructions,  first,  to  carefully  investigate  the 
various  signal  appliances ;  second,  to  recommend  for  adoption  standards 
for  all  the  lines  of  the  system  that  should  not  be  varied  from  except  when 
local  conditions  made  it  necessary.  This  committee,  organized  November 
2,  1904,  has  since  continued  the  work  of  unifying  the  signaling  of  its  lines. 

May  25,  1905,  the  General  Managers  of  the  Pennsylvania  Lines 
East  and  West  of  Pittsburg  appointed  a  joint  committee,  with  instruc- 
tions to  formulate  an  ideal  system  of  signaling,  to  recommend  such 
changes  as  it  considered  warranted  to  attain  the  ideal  as  far  as  prac- 
ticable, and  to  harmonize  the  signaling  practice  of  the  Pennsylvania  Sys- 
tem. This  committee  reported  on  August  18,  1905,  after  extensive  in- 
vestigation. 

In  January,  1906,  the  Rock  Island  System,  including  the  St.  Louis  & 
San  Francisco  and  Chicago  &  Eastern  Illinois,  started  a  similar  move- 
ment, and  in  October,  1906,  the  Railway  Signal  Association  took  its  first 
steps  in  this  direction. 

The  desire  for  systematization  grew  so  rapidly  and  to  such  an  extent 
that  your  Committee  No.  X,  with  the  wide  scope  permitted  it  by  its 
instructions  from  your  Board  of  Direction,  considered  it  proper  to  pre- 
sent a  partial  report  on  the  subject  to  your  March,  1907,  meeting,  and 
received  instructions  at  that  time  to  present  a  complete  system  in  March, 
1908.  The  foundation  for  a  system  had  already  been  laid  by  former 
actions  of  this  Association,  summarized  below.     The  proposed  system  is 
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built   along  these   lines,   and   does   not   in   any  essential   features   conflict 
with  your  previous  actions. 

The  Manual  of  Recommended  Practice,  1907,  requires  in  a  signal 
system : 

Location  of  Masts: 

(i)  Signals  if  practicable  to  be  either  over  or  upon  the  right  of 
and  adjoining  the  track  to  which  they  refer.      (Page  138,  Manual  1907.) 

(2)  If  on  bridges  to  be  located  over  the  center  of  intertrack  space. 
(Page  147,  Manual  1907.) 

(3)  If  on  bracket  posts  no  more  than  one  track  must  intervene 
between  a  bracket  signal  mast  and  the  track  for  which  the  left  upright 
carries  the  signal  arm.  No  more  than  two  uprights  to  be  used.  (Page 
139,  Manual  1907.) 

Arrangement  of  Signal  Masts,  with  their  indications : 

(i)  High  speed  movements  to  be  governed  by  high  signals,  and 
low  speed  movements  by  low  signals.     (Page  159,  Manual   1907.) 

(2)  Only  two  high  speed  signals  to  be  displayed  on  one  mast,  the 
top  arm  to  govern  the  unrestricted  speed  and  the  lower  arm  to  govern 
all  other  high  speeds.     (Page  159,  Manual   1907.) 

(3)  That  all  low  speed  movements  be  governed  by  one  arm  low 
signals  of  dwarf  construction      (Page    159,    Manual    1907.) 

(4)  That  interlocking  signals  where  low  speed  routes  exist  be 
equipped  with  one  low  speed  arm,  distinguished  by  a  greater  interval 
between  it  and  the  second  arm  than  the  interval  between  the  top  and  second 
arms,  preferably  twice  the  distance,  and  provided  with  a  short  arm. 
(Diagrams,  Manual  1097.) 

(5)  That  a  distant  signal  be  provided  for  each  high  speed  route. 
(Page  IS9,  Manual  1907.) 

(6)  That  home  block  signals  be  provided  at  all  interlocking  plants 
used  as  block  stations.     (Page  159,  Manual  1907.) 

(7)  That  one  distant  signal  only  shall  be  provided  for  a  high 
speed  route,  and  when  clear  it  shall  mean  that  all  high  speed  home  signals 
along  that  route  through  the  interlocking  plant,  including  the  home 
block  signals,  are  clear.     (Page  159,  Manual   1907.) 

(8)  That  every  movement  within  the  limits  of  an  interlocking  plant 
shall  be  governed  by  an  interlocked  signal.     (Page  159,  Manual   1907) 
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The  following  requirements  were  adopted  March,  1907 : 

Colors  of  Lights.    On  all  signals  conferring  or  restricting  rights : 

(i)     A  red  light  shall  be  the  night  indication  for  "stop." 

(2)  A  yellow  light  shall  be  the  night  indication  for  "caution"  (the 
word  "caution"  to  be  used  as  indicating  the  function  of  a  distant  signal). 

(3)  A  green  light  shall  be  the  night  indication  for  "clear." 

Day  Indications  of  Semaphore  Signals : 

(i)  They  shall  be  given  in  the  upper  right-hand  quadrant,  carrying 
out  the  continuous-light  principle. 

(2)  The  arm  horizontal  indicates  "stop." 

(3)  The  arm  incHned  upward  45  degrees  indicates  "caution." 

(4)  The  arm  inclined  upward  90  degrees  indicates  "proceed." 

Miscellaneous: 

(i)     High  signals  shall  be  semi-automatic.     (Diagrams,  Manual  1907.) 

(2)  A  mark  of  distinction  to  be  made  between  automatic  block 
signals  and'  all  other  home  signals,  whether  interlocking,  train-order, 
or  manually  operated  block  signals.     (Page  159,  Manual   1907.) 

(3)  Train-Order  Signal  is  a  fixed  signal  of  two  indications,  which, 
in  "stop"  position,  informs  the  engineman  and  conductor  that  they  are 
to  receive  orders  at  the  telegraph  office,  and  in  the  clear  position  an- 
nounces there  are  no  orders  for  them.       (Page   140,   Manual   1907.) 

(4)  That  a  regular  place  be  provided  for  the  display  of  flags  by 
day  and  hand  lamps  at  night,  at  signal  stations.  (Pp.  139,  140,  Manual 
1907.) 

(5)  That  al!  mechanically  operated  high  speed  signals  shall  be  pipe- 
connected.  (Low  speed  signals  may  be  wire-connected.)  (Page  159, 
Manual  1907.) 

Your  Committee,  up  to  and  including  the  Buffalo  meeting  in  June,. 
had  proceeded  on  lines  previously  laid  down,  namely:  Summarizing  the 
various  indications  in  general  use,  as  well  as  those  occasionally  employed, 
classifying  them,  eliminating  the  non-essentials  as  far  as  possible,  and 
providing  the  aspects  best  adapted  to  their  display.  At  that  time,  how- 
ever, such  a  decided  trend  toward  a  different  system  of  work  was  de- 
veloped that  a  change  of  method  was  adopted.  Action  by  the  Joint 
Committee  of  the  American  Railway  Association,  requesting  the  submis- 
sion to  it  of  reports  pertaining  to  Rules  and  Requisites  of  Installation 
before  publication,  resulted  in  the  protracted  meeting  in  Detroit  in  August, 
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and  the  preparation  of  a  report,  which  appears  below  in  the  form  in 
which  it  was  presented  to  the  Railway  Signal  Association,  and  with  the 
elimination  of  requisite  indication  No.  4,  referred  unanimously  at  its  Oc- 
tober meeting  to  letter-ballot.  No  attempt  has  been  made  this  year  to 
definitely  indicate  the  aspects,  it  appearing  that  the  Requisite  Indications 
and  Requisites  of  Installation  must  be  settled  as  preliminary  to  the  other 
work. 

A    METHOD    OF    UNIFORM    SIGNALING. 

In  accordance  with  the  instructions  of  the  Executive  Committee, 
dated  June  6,  1906,  and  the  action  of  the  Association  at  the  annual 
meeting  of  that  year,  when  the  report  then  presented  was  referred  back 
for  further  consideration,  the  Special  Committee  on  Interlocking  and 
Block  Signals  submits  the  following  report : 

Introduction. — The  Committee  has  considered  the  Standard  Code  of 
the  American  Railway  Association  in  all  its  discussions  and  conclusions 
and  has  departed  from  it  only  when  the  requirements  of  a  consistent 
system  apparently  warranted  changes.  The  intent  of  the  Committee  is  to 
recommend,  not  revolution  in  present  practice  in  signaling,  but  rather 
evolution  to  meet  changes  that  are  demanded,  and  it  has  been  guided 
in  its  deliberations  by  the  principle  that  the  object  of  the  work  of  each 
and  every  department  is  the  safe,  expeditious  and  economical  movement 
of  traffic. 

Basis  of  System. — A  system  of  fixed  signal  indications  may  be 
based  upon  either  of  tw^o  assumptions : 

(i)  That  signals  should  indicate  to  the  engineman  what  is  required 
of  him  in  the  control  of  his  train  and  also  the  reason  for  the  required 
action. 

(2)  That  the  engineman  needs  to  know  only  what  is  required  of  him 
in  the  control  of  his  train. 

Since  the  purpose  of  signals  is  to  give  to  the  enginemen  of  moving 
trains  information  or  instructions  that  must  be  acted  upon  without  hesi- 
tation, it  is  plain  that  the  indications  of  the  signals  and  the  means  of 
giving  them  must  be  such  that  the  meaning  can  be  grasped  instantly, 
without  conscious  study  or  effort.  It  is  taken  to  be  self-evident  that, 
as  the  number  of  different  instructions  conveyed  by  the  signal  aspects 
increases,  it  becomes  increasingly  difficult  for  the  engineman  to  remem- 
ber the  meanings  of  the  aspects  used,  especially  any  that  are  not  often 
met  with  in  his  daily  routine,  and  the  chance  of  wrong  reading  increases. 
In  addition,   the   practical    difficulties   in    the    way   of   displaying  a    large 
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number  of  distinct  aspects  must  be  taken  into  account.  Tested  by  these 
considerations,  the  first  assumption,  followed  to  its  conclusion,  is  found 
to  require  too  many  aspects. 

While  it  is  assumed  that  the  engineman  must  be  fully  acquainted 
with  the  unchanging  physical  characteristics  and  the  running  rules  of 
the  road,  or  portion  of  the  road  over  which  he  runs,  including  locations 
of  fixed  signals,  it  is  realized  that  the  engineman's  mind  should  be  re- 
lieved, as  far  as  possible,  from  the  necessity  of  remembering  what  each 
signal  is  for ;  and  plainly  this  can  be  done  only  by  giving  more  indica- 
tions than  would  be  required  in  a  system  based  strictly  upon  the  second 
assumption. 

It  is,  therefore,  the  conclusion  of  the  Committee  that,  in  a  system  of 
signal  indications,  the  aspects  should  primarily  serve  to  indicate  what  is 
required  of  the  engineman  in  the  control  of  his  train,  and  secondarily 
should  provide  for  the  giving  of  certain  additional  useful  information, 
limited  by  the  reasonable  practicability  of  displaying  the  necessary  aspects 
and  the  added  burden  upon  the  engineman's  memory  that  will  result  from 
the  use  of  many  aspects. 

Indications  and  Requisites. — Taking  this  view,  the  Committee  has 
developed  the  indications  deemed  requisite,  with  their  applications  as 
shown  by  the  following  diagram,  Exhibit  No.  i,  from  which  it  has  deduced 
the  necessary  requisites  of  installation  and  adjuncts,  illustrated  by  certain 
typical  aspects.  Exhibit  No.  2. 

TELEGRAPH  BLOCK  SYSTEM. 

REQUISITES   OF   INSTALLATION. 

The  numbers  indicate  the  corresponding  Requisites  in  the  Standard 
Code.  Departures  froin  the  wording  of  the  Requisites  in  the  Standard 
Code  are  indicated  by  *;  new  Requisites  by.  x. 

1  Signals  of  prescribed  form,  the  indications  given  by  not  more 

*  than  three  positions  and  either  by  two  arms,  which,  when  hori- 
zontal, shall  have  their  ends  in  a  vertical  line,  cr  by  arm  or  arms 
of  distinctive  form ;  and,  in  addition,  at  night  by  lights  of  pre- 
scribed color  in  a  vertical  line.     (Type  A,  Exhibit  No.  2.) 

X  A    distinctive    position    of   the   arm    for    the    caution    approach 

indication. 

2  The  apparatus  so  constructed  that  the  failure  of  any  part  di- 

*  rcctly  controlling  a  signal  will  cause  il  to  give  its  least  favorable 
indication. 
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3  Signals,   if  practicable,   either   over  or   upon   the  right  of   and 

*  adjoining  the  track  upon  which  trains  are  governed  by  them. 

4  Semaphore  arms  that  govern,  displayed  to  the  right  of  the  signal 
mastf  as  seen  from  an  approaching  train. 

5  _  The  normal  indication  of  Home  Block  Signals — Stop. 

X  Adequate  approach  indications  for  all  high  speed  signals. 

X  Aspects  used  for  conveying  information  or  specific  instructions, 

combined  with  the  aspect  of  block  signals  when  it  is  necessary  to 
give  information  or  instruction  indications  at  such  signals. 

CONTROLLED  MANUAL  BLOCK   SYSTEM. 

REQUISITES   OF  INSTALLATION. 

The  numbers  indicate  the  corresponding  Requisites  in  the  Standard 
Code.  Departures  from  the  wording  of  the  Requisites  in  the  Standard 
Code  are  indicated  by  *;  new  Requisites  by  x. 

1  Signals  of  prescribed  form,  the  indications  given  by  not  more 

*  than  three  positions  and  either  by  two  arms,  which,  when  hori- 
zontal, shall  have  their  ends  in  a  vertical  line,  or  by  arm  or  arms 
of  distinctive  form ;  and,  in  addition,  at  night  by  lights  of  prescribed 
color  in  a  vertical  line.     (Type  A,  Exhibit  No.  2.) 

X  A   distinctive   position   of  the   arm    for   the   caution   approach 

indication. 

2  The    apparatus    so    constructed    that    the    failure    of    any    part 

*  directly  controlling  a  signal  will  cause  it  to  give  its  least  favorable 
indication. 

3  .  Signals,   if  practicable,   either  over  or  upon  the   right  of  and 

*  adjoining  the  track  upon  which  trains  are  governed  by  them. 

4  Semaphore  arms  that  govern,  displayed  to  the  right  of  the 
signal  mastf  as  seen  from  an  approaching  train. 

5  The  normal  indication  of  Home  Block  Signals — Stop. 

6  The    apparatus    so   constructed    that    the    failure   of    the    block 

*  signal  instruments  or  electric  circuits  will  prevent  the  display  of 
the  clear  or  caution  indication  at  the  Home  Block  Signal. 

7  The  relative  position  of  the  home  signal,  and  track  instrument 
or  releasing  circuit,  such  as  to  make  it  necessary  that  the  rear  of  a 

train  shall  have  passed feet  beyond  the  Home  Block  Signal 

before  the  signal  at  the  preceding  block  station  can  be  released. 


t  The  word  "mast"  refers  to  the  upright  to  which  the  semaphore  arms 
are  directly  attached. 
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X  Adequate  approach  indications  for  all  high-speed  signals. 

X  Aspects  used  for  conveying  information  or  specific  instruction, 

combined  with  the  aspect  of  block  signals  when  it  is  necessary  to 
give  information  or  instruction  indications  at  such  signals. 

AUTOMATIC    BLOCK   SYSTEM. 

REQUISITES   OF   INSTALLATION. 

The  numbers  indicate  the  corresponding  Requisites  in  the  Standard 
Code.  Departures  from  the  wording  of  the  Requisites  in  the  Standard 
.Code  are  indicated  by  *;  new  Requisites  by  x. 

1  Signals  of  prescribed  form,  the  indications  given  by  not  more 

*  than  three  positions  and  either  by  two  arms,  which,  when  hori- 
zontal, shall  have  their  ends  in  a  diagonal  line,  or  by  arm  or  arms 
of  distinctive  form ;  and,  in  addition,  at  night  by  lights  of  prescribed 
color  in  a  diagonal  line.     (Type  B,  Exhibit  No.  2.) 

X  A   distinctive   position   of   the    arm    for    the    caution    approach 

indication. 

2  The    apparatus    so    constructed    that    the    failure    of    any    part 

*  directly  controlling  a  signal  will  cause  it  to  give  its  least  favorable 
indication. 

3  Signals,   if  practicable,   either  over  or  upon   the   right  of  and 

*  adjoining  the  track  upon  which  trains  are  governed  by  them. 

4  Semaphore  arms  that  govern,  displayed  to  the  right  of  the 
signal  mastf  as  seen  from  an  approaching  train. 

Switches  in  the  main  track  so  connected  with  the  block  signals 
that  the  Home  Block  Signal  in  the  direction  of  approaching  trains 
will  indicate  Stop  when  the  switch  is  not  set  for  the  main  track. 

6  Signal  connections  and  operating  mechanism  so  arranged  that 

a  Home  Block  Signal  will  indicate  Stop  after  the   ft  of  a 

train  shall  have  passed  it. 

X  Adequate  approach  indications  for  all  high-speed  signals. 

X  Aspects  used  for  conveying  information  or  specific  instruction, 

combined  with  the  aspect  of  block  signals  when  it  is  necessary 
to  give  information  or  instruction  indications  at  such  signals. 


t  The  word  "mast"  refers  to  the  upright  to  which  the  semaphore  arms 
are  directly  attached, 
tt  Head  or  rear. 
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INTERLOCKING   SIGNALS. 

REQUISITES   OF   INSTALLATION. 

The  numbers  indicate  the  corresponding  Requisites  in  the  Standard 
Code.  Departures  from  the  wording  of  the  Requisites  in  the  Standard 
Code  are  indicated  by  *;  new  Requisites  by  x. 

1  Signals  of  prescribed  form,  the  indications  given  by  not  more 

*  than  three  positions  and  either  by  three  arms,  the  upper  two  of 
which,  when  horizontal,  shall  have  their  ends  in  a  vertical  line, 
or  by  arm  or  arms  of  distinctive  form ;  and,  in  addition,  at  night  by 
lights  of  prescribed  color  in  a  vertical  line.  (Type  A,  Exhibit 
No.  2.) 

X  A    distinctive   position    of   the    arm    for   the   caution    approach 

indication. 

2  The    apparatus    so    constructed    that    the    failure    of    any    part 

*  directly  controlling  a  signal  will  cause  it  to  give  its  least  favorable 
indication. 

3  Signals,  if  practicable,  either  over  or  upon  the  right  of  and 
adjoining  the  track  to  which  they  refer. 

4  Semaphore  arms  that  govern,  displayed  to  the  right  of  the 
signal  mastf  as  seen  from  an  approaching  train. 

5  The  normal  indication  of  Home  Signals — Stop. 

6  The  interlocking  of  signals  with  switches,  locks,  railroad  cross- 

*  ings  or  drawbridges  so  that  a  clear  or  caution  indication  at  a 
Home  Signal  cannot  be  given  unless  the  route  to  be  used  is  clear 
and  stop  signals  displayed  for  all  conflicting  routes. 

7  The  interlocking  of  switches,  locks,  railroad  crossings,  draw- 
bridges and   signals  through  levers,  or  their  equivalent. 

8  Interlocked  levers,  or  their  equivalent,  by  which  switches,  locks 
and  signals  are  operated. 

9  The  apparatus  so  constructed  that  the  failure  of  any  part  di- 

*  rectly  controlling  a  switch  or  lock  will  prevent  the  display  of  a  clear 
or  caution  indication  at  the  Home  Signal. 

10  Facing-point  locks,  for  all  facing-point  switches  in  main  routes. 

11  Detector  bars,  or  their  equivalent,  for  all  facing-point  switches 
in  main  routes. 

12  Pips,  or  its  equivalent,  compensated  for  changes  in  temperature, 


t  The  word  "mast"  refers  to  the  upright  to   which   the  semaphore  arms 
are  directly  attached. 


SIGNALING    AND    INTERLOCKING.  51 

for  connecting  levers,  in  mechanical  interlocking,  with  switches  and 
locks. 

13  Latch  locking,  or  its  equivalent. 

14  The  established  order  of  interlocking  such  that: 

*  A  clear  or  caution  indication  at  a  Home  Signal  cannot  be  dis- 

played until  derails  or  diverging  switches,  if  any,  in  conflicting 
routes  are  in  their  normal  position,  and  the  switches  for  the 
required  route  are  set  and  locked. 

The  display  of  a  clear  or  caution  indication  at  the  Home  Signal 
shall  lock  all  switches  and  locks  in  the  route  as  far  as  the  point 
to  which  such  signal  gives  permission  to  proceed,  locking  all. oppos- 
ing or  conflicting  signals  and  releasing  the  corresponding  Distant 
Signal,  where  such  signal  is  used. 

Where  Distant  Signals  are  used,  the  display  of  a  clear  Distant 
Signal  shall  effect  the  same  locking  as  that  accomplished  by  the 
display  of  a  clear  or  caution  indication  at  the  Home  Signal. 

15  Interlocking  and  Block  Signals  interconnected  where  both  are 
operated  from  the  same  station. 

X  Interlocking  signals    so   arranged   that   the   permissible   speeds, 

in  not  more  than  three  gradations — unlimited,  limited  and  low 
speed — shall  be  indicated. 

X  Short  arms  and  short  range  lights  for  all  low-speed  indications 

and  dwarf  signals. 

X  Adequate  approach  indications  for  all  high-speed  signals. 

X  Aspects  used  for  conveying  information  or  specific  instructions, 

combined  with  the  aspect  of  interlocking  signals  when  it  is  neces- 
sary to  give  information  or  instruction  indications  at  such  signals. 

OTHER   SIGNALS. 

REQUISITES   OF   INSTALLATION. 

New  Requisites  are  indicated  by  x. 

X  Signals  of  prescribed  form,  the  indications  given  by  not  more 

than  three  positions  and  by  arm  or  target  of  distinctive  form;  and, 
in  addition,  at  night  by  lights  of  prescribed  color  which,  when 
there  are  two,  shall  be  in  a  horizontal  line. 

X  A  distinctive  position  of  the  arm  for  the  caution  approach  in- 

dication. 

X  The  apparatus  so  constructed  that  the  failure  of  any  part  di- 
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rectly  controlling  a  signal  will  cause  it  to  give  its  least  favorable 

indication. 
X  Signals,   if  practicable,   either  over   or  upon  the   right  of  and 

adjoining  the  track  to  which  they  refer. 
X  Semaphore   arms   that   govern,   displayed   to  the   right   of  the 

signal  mastf  as  seen  from  an  approaching  train. 

Explanation  of  Action. — While  two  lights  in  horizontal  line  are 
recommended  for  the  night  aspects  of  signals  which,  when  in  stop  posi- 
tion, give  indication  No.  3,  it  is  the  sense  of  the  Committee  that,  in 
connection  with  a  switch  target,  one  light  is  sufficient. 

The  Committee,  by  vote  of  six  to  five,  included  in  the  outline, 
Exhibit  No.  i,  the  indication,  "Stop  within  certain  limits,"  because  it 
conforms  to  present  practice  on  a  great  many  railroads  in  respect  to 
train-order  signals,  although  such  practice  is  not  sanctioned  by  the 
Standard  Code.  On  all  other  points  covered  by  the  report,  the  action  of 
the  Committee  was  unanimous. 

Recommendation. — The  Committee  concludes  that,  by  accepting  cer- 
tain basic  principles  as  outlined,  it  has  established  the  number  of  essential 
and  practicable  indications ;  and  it  recommends  that  the  indications  and 
requisites  submitted  be  approved  and  transmitted  to  the  American  Railway 
Association. 

analytical. 

The  table  of  Requisite  Indications  is  an  amplification  of  the  Standard 
Code.  The  latter  makes  no  provision  for  the  signaling  of  different  routes 
at  an  interlocking,  and  permits  the  display  of  a  caution  signal  at  the  distant 
signal,  a  clear  signal  at  the  home,  and  a  stop  signal  at  the  advance  simul- 
taneously. Nos.  5,  6,  II,  12,  13  and  15  are  added  simply  to  cover  present 
ordinary  interlocking  practice,  and  to  provide  at  the  home  signal  approach 
information  regarding  the  advance  signal.  All  other  indications  given 
are  those  in  general  use,  while  the  Supplementary  Indications  are  used 
on  roads  of  considerable  mileage.  The  only  radical  departure  is  No.  4, 
suggested  to  cover  a  very  general  practice  not  recognized  in  the  code, 
namely:  That  of  passing  a  train-order  signal  in  stop  position  and  pulling 
up  to  a  station  or  into  a  siding.  Your  Committee  believes  that  if  this 
practice  is  approved  by  the  American  Railway  Association,  a  separate 
aspect  should  be  provided  for  it,  so  that  an  engineman  would  know  by 


t  The  word  "mast"  refers  to  the  upright  to  which  the  semaphore  arms 
are  directly  attached. 
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the  display  of  the  signal  itself  whether  or  not  it  was  one  which  could  be 
'  so  passed. 

The  Requisites  of  Installation  depart  from  the  Standard  Code  in  six 
important  features : 

(i)  A  distinctive  position  is  recommended  for  the  caution  indication 
of  the  distant  signal,  in  lieu  of  a  special  form  of  arm  displayed  in  stop 
position  of  other  signals. 

Present  type  of  home  and  distant  automatic  signal  is  difficult  to  dis- 
tinguish at  any  distance  from  a  two-arm  home  signal.  The  shape  of  the 
arm  is  not  sufficiently  distinctive  and  colors  cannot  be  depended  upon  on 
steam  roads,  owing  to  difficulty  of  maintenance.  Separate  and  distinct 
indications  are  provided  for  night  signaling  and  we  are  warranted  in 
adopting  a  distinctive  position  for  the  caution  indication  by  day.  The 
angles  that  the  semaphore  arm  makes  with  its  mast  are  easier  to  inter- 
pret than  the  colors  or  shapes  of  blades. 

To  indicate  "Stop"  by  the  horizontal  position  of  an  arm,  and  to  give 
an  entirely  different  indication,  namely,  "Caution,"  by  the  same  position 
of  a  slightly  differently  formed  or  colored  arm  is  illogical. 

(2)  Two  lights  are  recommended  on  every  signal  in  lieu  of  one, 
two,  three,  four,  or  even  five  lights  under  present  practice. 

Two  lights  in  combination  are  more  readily  "picked  up,"  and  more 
accurately  read  than  one  light.  If  more  than  three  lights  are  used  the 
engineman  is  more  or  less  confused. 

The  second  light  is  particularly  valuable  as  a  marker.  The  ex- 
tinguishing of  the  light  when  only  one  is  used  increases  the  chances  of 
an  engineman  mistaking  a  foreign  light  for  his  signal.  It  is  true  that  the 
rules  state  that  the  absence  of  this  light  requires  a  stop,  but  the  particular 
spot  of  darkness  at  which  the  stop  should  be  made  is  a  matter  difficult 
of  determination  by  the  average  runner.  The  chance  of  both  lights 
being  extinguished  is  practically  negligible. 

Further,  the  extinguishing  of  one  light  on  the  present  two-light  signal 
makes  it  appear  as  a  one-light  signal.  With  the  proposed  scheme  the 
absence  of  a  light  indicates  on  the  signal  itself  that  it  is  improperly  dis- 
played. 

(3)  The  requisite  use  of  two  lights  is  taken  advantage  of  in  dis- 
tinguishing between  the  different  types  of  signals. 

The  Standard  Code  provides  different  indications  for  "Stop  and 
proceed  signals"  and  "Stop  until  authorized  to  proceed  signals."  This 
Association  has  endorsed  the  requirement  that  a  mark  of  distinction  must 
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be  made  between  automatic  block  signals  and  other  home  signals.     The 
simplest  way  to  accomplish  this  is  the  best,  and  it  has  been  followed. 

(4)  A  differentiation  is  made  between  signals  requiring  stop  until 
authorized  to  proceed,  stop  and  proceed,  and  stop  and  investigate,  because 
the  first  two  have  been  provided  properly  and  necessarily  by  the  Standard 
Code,  and  the  third  one  is  recognized  in  universal  practice  and  should 
be  embodied  in  the  rules  laid  down  for  the  proper  conduct  of  trans- 
portation. 

(5)  A  differentiation  is  made  between  the  indication  regulating  the 
approach  to  another  signal  and  the  indication  permitting  a  train  to  enter 
a  manual  block  that  is  not  clear. 

This  differentiation  of  indication  is  necessary  on  account  of  the 
different  action  required  of  the  engineman  in  the  control  of  his  train. 

(6)  Adequate  approach  indications  are  provided  for  all  high-speed 
signals. 

If  high  speeds  are  required  they  must  be  safeguarded  by  providing 
information  in  time  for  proper  reductions  in  speed  or  stops,  which  in- 
formation must  not  be  misleading  and  must  be  accurately  conveyed  under 
the  worst  conditions.  Traffic  by  this  means  is  also  expedited  and  the 
dangers  arising  from  maintaining  schedules  in  fog,  storms,  etc.,  are 
minimized. 

The  reasons  for  adoption  are : 

(i)  The  advantages  resulting  from  uniformity  of  signaling  on  the 
different  systems  of  the  country,  as  follows : 

(a)  A  considerable  mileage  of  track  in  the  country  is  operated 
jointly  by  two  or  more  roads  and  at  present  if  the  signal  practices  of 
the  parties  to  the  joint  use  of  tracks  are  at  variance,  as  frequently  occurs, 
the  same  crews  may  have  lo  run  under  different  systems  of  signaling  on  a 
single  run.  Under  a  uniform  system  these  crews  would  have  but  one 
system  of  indications  to  learn. 

(b)  Men  leaving  the  employment  of  one  road  will  not  have  to 
unlearn  one  system  of  signaling  and  learn  another  in  order  to  qualify  to 
work  upon  another  road. 

(c)  Uniformity  of  indications  will  tend  to  uniformity  in  a  con- 
siderable portion  of  the  apparatus  used,  resulting  in  a  decrease  in  various 
manufacturing  expenses,  and  amount  of  stock  to  be  carried  by  manu- 
facturers and  railroads,  especially  at  jointly  operated  plants,  and  will 
result  in  quicker  delivery  of  material. 

(d)  The  expense  for  damage  claims  should  be  reduced  and  a 
better  legal  status  secured  to  the  railroad  companies  on  account  of  less 
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liability  to   confusion   of   indications,   and   on   account   of   the   system   of 
signaling  proposed  having  the  endorsement  of  general  adoption. 

(2)  Quicker  and  more  accurate  interpretation  of  signals  by  en- 
ginemen. 

(3)  Indication  of  diverse  functions  by  the  signals  themselves,  in- 
stead of  by  general  orders,  special  orders,  etc.,  thus  relieving  the  engine- 
men's  minds  of  a  burden  of  detail. 

(4)  Classification  of  indications  of  the  same  general  meaning,  thus 
avoiding  misunderstanding. 

(5)  Information  by  the  aspect  of  the  signal  of  the  improper  display 
of  an  indication. 

The  disadvantages  of  present  methods  of  signaling  are  felt  most  on 
roads  having  the  densest  traffic  and  having  schedules  calling  for  the 
highest  speeds ;  some  roads  have  adequate  signaling  for  the  service  re- 
quired and  the  defects  are  in  minor  details  only. 

Your  Committee  wishes  to  express  its  opinion  that  on  a  large  per- 
centage of  the  mileage  the  signaling  has  not  kept  pace  with  other 
developments  in  the  attainment  of  uniformity  and  completeness,  and  it 
presents  its  report  in  the  hope  that  its  recommendations  may  be  carried 
out  for  new  work  and  renewals,  and  that  gradual  replacement  of  the 
various  methods  by  the  one  here  proposed  may  be  made  to  the  end  that 
traffic  may  be  expedited  and  safeguarded,  and  that  eventually  a  universal 
system  may  prevail  which  will  meet  present  and  future  requirements. 

CONCLUSIONS. 

*(i)  That  the  Requisite  Indications,  Exhibit  No.  i,  are  adequate 
and  embody  all  essential  and  proper  indications  and  that  they  be  recom- 
mended to  the  American  Railway  Association  for  adoption. 

*(2)  That  the  Requisites  of  Installation  set  forth  are  practicable 
and  form  an  adequate  and  proper  basis  for  the  design  of  a  system  of 
aspects  required  for  the  display  of  the  Requisite  Indications  and  are 
essential  for  a  uniform,  universal  system  of  signaling,  and  that  they  be 
referred  to  the  American  Railway  Association  for  adoption  as  proper  for 
new  work  and  renewals. 

Respectfully  submitted, 

A.  H.  RuDD,  Signal  Engineer,   Pennsylvania  Railroad,  Philadelphia,   Pa., 

Chairman. 
L.  R.  Clausen,  Superintendent,  Chicago,  Milwaukee  &  St.  Paul  Railway, 

West  Milwaukee,  Wis.,  V ice-Chairman. 


See  amendmenls,   p.   57. 


SIGNAUNG   AND   INTERLOCKING.  57 

AzEL  Ames,  Jr.,  Signal  Engineer,  New  York  Central  &  Hudson  River 
Railroad,  New  York,  N.  Y. 

C.  C.  Anthony,  Assistant  Signal  Engineer,  Pennsylvania  Railroad,  Phila- 
delphia, Pa. 

H.  S.  Balliet,  Engineer  Maintenance  of  Way,  Grand  Central  Station 
and  Electric  Division,  New  York  Central  &  Hudson  River  Railroad, 
New  York,  N.  Y. 

Chas.  a.  Dunham,  Signal  Engineer,  Great  Northern  Railway,  St.  Paul, 
Minn. 

G.  E.  Ellis,  Signal  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 
Chicago,  111. 

M.  H.  HovEY,  Signal  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 

J.  C.  Mock,  Electrical  Engineer,  Detroit  River  Tunnel  Company,  Detroit, 
Mich. 

F.  P.  Patenall,  Signal  Engineer,  Baltimore  &  Ohio  Railroad,  Baltimore, 
Md. 

J.  A.   Peabody,   Signal  Engineer,  Chicago  &  Northwestern   Ry.,   Chicago. 

Frank  Rhea,  Engineer  Maintenance  of  Way,  Pennsylvania  Lines,  Lo- 
gansport,  Ind. 

W.  B.  Scott,  Assistant  Director  of  Maintenance  and  Operation,  Harriman 
Lines,  Chicago,  111. 

Thos.  S.  Stevens,  Signal  Engineer,  Atchison,  Topeka'  &  Santa  Fe  Rail- 
way System,  Topeka,  Kan. 

J.  E.  Taussig,  Terminal  Superintendent,  Wabash  Railroad,  St.  Louis,  Mo. 

H.  H.  Temple,  Superintendent,  Baltimore  &  Ohio  R.  R.,  New  Castle,  Pa. 

H.  M.  Waite,  Superintendent,  Seaboard  Air  Line,  Birmingham,  Ala. 

Edwin  F.  Wendt,  Assistant  Engineer,  Pittsburg  &  Lake  Erie  Railroad, 
Pittsburg,  Pa.  Committee. 

AMENDMENTS. 

Amend  Exhibit  No.  i,  under  Requisite  Indications,  by  striking  out 
No.  4,  "Stop  within  certain  limits." 

conclusions. 

(i)  That  the  requisite  indications.  Exhibit  No.  i,  are  adequate; 
permit  of  a  uniform  system  of  signaling;  are  not  in  conflict  with  exist- 
ing systems,  and  are  recommended  to  the  American  Railway  Association 
for  approval. 

(2)  That  the  requisites  of  installation  as  set  forth  are  practicable; 
form  an  adequate  and  proper  basis  for  the  design  of  a  system  of  aspects 
by  which  the  requisite  indications  may  be  displayed ;  provide  an  excel- 
lent means  for  attaining  a  uniform,  universal  system  of  signaling;  and 
are  therefore  endorsed  by  this  Association,  and  submitted  to  the  Ameri- 
can Railway  Association  for  such  action  as  may  be  necessary  to  enable 
roads  desiring  to  use  them  to  do  so  with  the  approval  of  that  Asso- 
ciation. 
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SIGNAL    INDICATIONS    AND    ASPECTS. 
By  a.  H.  Rudd. 

Fixed  signals  are  provided  to  convey  information  to  trains,  so  that 
they  may  be  moved  over  the  road  with  a  minimum  of  delay  and  a  maxi- 
mum of  safety  and  comfort.  To  this  end  they  should  supersede  written 
communication  to  the  utmost  extent  compatible  with  simplicity.  They 
should  primarily  indicate  the  action  required  to  be  taken  by  the  engine- 
men  in  controlling  the  speed  of  their  trains,  and  secondarily  denote,  within 
reasonable  limits,  the  cause  for  the  indicated  action.  With  a  complete 
system,  written  communication  is  rarely  employed.  With  an  incomplete 
arrangement,  the  signal  indications  must  be  largely  supplemented  by 
"orders,"  necessitating  delay  in  transmission.  It  is  reasonable  to  suppose 
that  the  present  general  practice  will  and  must  be  followed,  for  a  long 
time  at  least,  which  requires  an  engineman  in  charge  of  a  train  to  be 
familiar  with  the  unchanging  physical  conditions  of  the  tracks  over  which 
he  is  to  run,  covering  the  approximate  location  of  curves,  water  stations, 
drawbridges  and  grade  crossings  (aided  perhaps  by  location  signs  or 
markers),  passenger,  freight  and  signal  stations,  grades  and  fixed  signals, 
and  to  have  a  thorough  knowledge  of  the  meaning  of  the  aspects  of  such 
fixed  signals. 

It  remains  for  the  signals  to  indicate  where  to  stop,  what  action  to 
take  after  stopping,  where  and  at  what  rate  of  speed  train  may  proceed, 
and  why  restrictions  are  imposed.  Any  additional  indications  may  be 
classed  under  adjuncts  instead  of  requisites,  and  while  aspects  should  be 
provided  for  them,  it  should  be  understood  that  this  is  only  done  to 
avoid  confusion  with  requisite  indications  already  provided,  and  that  with 
complete  signaling  the  necessity  for  them  would  largely  disappear. 

FUNDAMENTALS. 

Indications  must  be  accurate  and  truthful,  and  if  failures  occur  they 
must  be  on  the  safe  side.  No  indication  must  be  given  more  favorable 
than  the  one  intended.  The  objects  of  a  signal  system  are  priinarily  to 
prevent  collisions  and  running  at  too  high  speed  over  curvature,  which 
varies  (as  at  interlockings),  or  into  open  drawbridges;  and,  secondarily, 
to  facilitate  traffic,  making  possible  the  highest  speed  consistent  with 
safety. 
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No  principles  other  than  these  are  involved  in  the  basis  of  a  sys- 
tem, as  the  number  and  variety  of  aspects  to  be  provided  must  be  de- 
termined by  those  proved  indispensable  in  actual  present  practice,  with 
perhaps  a  few  that  have  proved  useful,  added  temporarily,  until  complete 
signaling  eliminates  them.  The  number  must,  on  the  other  hand,  be 
restricted,  so  that  the  memory  of  the  engineman  may  not  be  taxed  un- 
necessarily, and  his  mental  strain  may  be  reduced  to  a  minimum. 

Summarizing  the  requisite  indications  for  a  complete  system: 

(i)   Stop — Where:    What  action  after  stopping. 

(2)  Restricted  speed — Where:    How  much.    Why. 

(3)  Allright— Where. 

No.    (/)     Indication — "Stop." 

Where.  Action  to  be  taken.  Reason  for  action 

(a)  Here        Remain  until  signal  clears  or  until 

permission  to  proceed  is  received 
as  per  rule  provided. 

(b)  Here        Get  orders. 

(c)  Here        Investigate.  Signal     improperly     dis- 

played. 

(c)  Here        Investigate.  Grade    crossing    non-in- 

terlocked;    or     draw- 
bridge. 

(d)  Here        Proceed  after  waiting time.      Block  occupied  or  track 

broken. 

(e)  At  next  signal. 


No.    (2)     Indication — Restricted  Speed. 

Block  occupied. 


(a)  Here        Proceed  under  control. 

(b)  Here        Diverge  at  medium  speed. 

(c)  Here        Low   speed — Extreme  cautiQn. 

(d)  Approaching    next    signal     Diverge    at    me- 

dium speed  beyond. 

(e)  Beyond. 

No.   (3)     Allright. 

(a)  Here  to  next  signal.    Run  at  speed. 

(b)  At  this  point.    May  proceed. 


Track  occupied  or  short 
turnout   ahead. 


Approaching  short  curve, 
or  track  under,  repair. 


Track  clear  and  switches 

O.  K. 
No     adverse     indication 

here. 


3-b  is  the  indication  which  does  not  affect  the  rate  of  speed,  but 
serves  as  a  symbol  to  indicate  points  where  signals  restricting  movements 
are  sometimes  displayed,  in  the  absence  of  such,  avoiding  unnecessary  stops 
due  to  the  absence  of  a  signal  where  one  is  usually  displayed. 

Combinations  at  one  point,  of  two  or  more  indications,  are  frequently 
necessary,  for  which  aspects  must  be  provided. 
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The  following  indications  may  be  classed  as  adjuncts: 

(i)  Siding  Switch  open. 

(2)  Siding  Switch  closed. 

(3)  Derail  open. 

(4)  Flag   Station — Passengers. 

(5)  Track  Tank  Markers. 

(6)  Take  Siding. 

(7)  Block  Office  closed. 

The  indications  so  far  noted  naturally  divide  themselves  into  three 
classes :  First — Those  which  give  explicit  instructions  and  affect  the 
handling  of  every  train  for  which  they  are  displayed ;  Second — Those 
which  give  information  without  instructions  affecting  different  trains  dif- 
ferently; and,  Third — Those  which  have  part  of  the  attributes  of  both. 

All  the  adjuncts  belong  to  the  second  or  third  classes. 

Dividing  into  classes,  and  evolving  the  different  combinations  re- 
quired : 

(  i)  Stop  here,  and  remain  until  authorized  to  proceed. 

(  2)  Stop  here,  there  are  orders  for  you    (31). 

(  3)  Stop  here,  signal  imperfectly  displayed. 

(  4)  Stop  here,  you  may  proceed  after  investigating. 

(5)  Stop  here,  and  proceed  after  waiting   time. 

(  6)  Stop  at  next  signal. 

(  7)  Stop   here,  derail  open.     (Same  as    (4.} 

(  8)  Proceed  on  high-speed  route,  and  stop  at  next  signal. 

(  9)  Diverge  on  medium-speed  route,  and  stop  at  next  signal. 

(10)  Proceed  at  low  speed,  expecting  to  find  obstructions. 

(11)  Approach  next  signal  prepared  to  diverge  at  limited  speed. 

(12)  Approach,  curve;  or  track  under  repair. 

(13)  Proceed  on  high-speed  route,  next  signal  at  proceed. 

(14)  Proceed  on  medium-speed  route,  next  signal  at  proceed. 

(15)  Proceed  on  low-speed  route,  next  signal  at  proceed. 

(16)  Proceed  at  low  speed — there  are  "19  orders"  for  you. 

Second  Class  Signals. 

(1)  Main  track  switch  open  here. 

(2)  Siding  switch   open   here. 

(3)  Main  track  switch  open  beyond. 

(4)  Absence  of  restricting  signal. 

(5)  Flag  Station — Passengers. 

(6)  Track  Tank  Markers. 

(7)  Block  Office  closed. 

(8)  Speed  may  be  resumed. 

Third  Class  Signals. 

(1)  Block  is  occupied. 

(2)  Take  siding  at  some  point  beyond. 

(3)  Speed  may  be  resumed. 

A  number  of  general  principles  may  be  laid  down  to  govern  the 
design  of  a  system  of  aspects  to  give  the  required  indications : 

(i)     All  signals  should  be  based  to  show  their  least  favorable  indica- 
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tion.  This  involves  the  use  of  a  light  other  than  white  for  the  Allright 
indication,  and  the  counterweighting  of  the  semaphore  arm,  best  ac- 
compHshed  by  indications  given  in  the  upper  quadrant.  Right-lihnd 
quadrant  is  not  a  principle  but  a  requisite  of  the  American  Railway  Asso- 
ciation and  established  by  almost  universal  practice. 

(2)  All  aspects  must  be  distinct  and  appear  in  proper  location  so  that 
action  may  be  taken  instantly  and  intelligently.  Danger  of  disappearance 
or  indistinctness  is  greatly  reduced  by  two  lights  on  every  signal. 

(3)  No  aspect  should  be  displayed  which  might  remove  erroneously 
a  restricting  indication  previously  received  when  such  restriction  con- 
tinues beyond  the  aspect  in  question.  This  requires  aspects  for  Switch 
Indicators  and  non-block  interlocking  signals  different  and  distinctive 
from  block  signals. 

(4)  Each  aspect  should,  in  itself,  indicate  whether  or  not  it  is 
properly  and  fully  displayed,  and  as  two  lights  are  necessary  on  a  great 
number  of  signals,  it  follows  that  two  lights  must  be  provided  on  all 
main  track  signals  and  that  one  light  is  a  defective  signal. 

(5)  Any  aspect  improperly  displayed  should  not  exhibit  a  more 
favorable  indication  than  the  one  intended.  So  that  a  marker  light,  if 
used,  must  be  of  the  color  which  is  not  employed  anywhere  for  a  more 
favorable  indication  than  stop,  and  therefore  a  red  light  indicates  stop 
unless  qualified  by  a  light  of  more  favorable  indication. 

(6)  The  receipt  of  preliminary  information  of  the  indications  of 
various  signals  being  an  absolute  necessity  if  fast  running  is  to  be  safely 
indulged  in,  and  at  the  same  time  discipline  maintained  against  men  who 
violate  the  stop  indication,  it  should  be  provided  for  in  any  complete 
system. 

(7)  If  the  premises  heretofore  set  forth  are  correct,  it  follows  that 
signaling  to  indicate  primarily  speeds  and,  secondarily,  routes  at  inter- 
lockings,  become  a  principle  of  any  system, 

(8)  The  semaphore  is  generally  conceded  to  be  the  most  distinctive 
and  satisfactory  day  signal.  Its  use  should  therefore  be  reserved  for  the 
more  important  indications,  especially  those  which  must  be  read  at  high 
speed. 

(9)  The  semaphore  being  a  position  signal,  its  indications  should  be 
given  by  position  rather  than  by  form  or  color  of  arm,  and  as  probably 
three  positions  are  all  which  are  practically  available,  three-position  signal- 
ing naturally  follows. 

(10)  As  indications  are  given  by  the  position  of  the  arm  by  day, 
and  at  night  by  display  of  a  colored  light  in  addition,  each  position  of 
the  arm  should  be  represented  by  a  distinctive  color  at  night. 

(11)  Each  aspect  should  have  an  assigned  value,  which  should  not 
change  under  varying  conditions,  but  should  always  give  one  unmistak- 
able indication. 

(12)  No  system  can  be  easily  learned  or  remembered  which  is  so 
constructed  that  the  different  aspects   require  mental  effort  to  interpret, 
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but  each  aspect  should  be  so  related  to  all  the  others  that  they  follow 
logically  and  may  be  read  almost  instinctively.  Consequently  the  features 
in  universal  practice  should  be  retained  as  far  as  possible. 

(13)  The    fewer    aspects,    the    less    difficulty    in    remembering    and 
reading. 

(14)  The   color   selected   for   the   Allright   indication   should  be   re- 
served for  the  aspects  indicating  clear  track. 

Principles  which  form  the  basis  of  a  proposed  system : 
(i)     All  those  enumerated  above. 

(2)  Two  arms  and  two   lights  on   every  signal   governing   running 
tracks  in  right  direction,  with  a  third  arm  as  an  adjunct  or  "Calling  on 

.arm"  when  necessary. 

(3)  The  arrangement  of  lights  vertically,  diagonally  or  horizontally 
to  indicate  different  classes  of  signals. 

(4)  The   use   of  top   arm   for   through    track,    and    second   arm    for 
divergence,  throughout,  with  the  adjunct  arm  to  all  routes. 


SOME     SUGGESTIONS     AS     TO     THE     SELECTION     OR     DE- 
VELOPMENT  OF   A   BASIS    FOR   A   CORRECT    SYS- 
TEM   OF    RAILWAY    SIGNALING. 

By  L.  R.  Clausen. 

The  first  question  that  may  be  asked  is,  "What  is  a  railway  signal  in 
the  ordinary  meaning  of  the  term?"  It  may  be  answered  as  follows:  "A 
device  used  to  convey  certain  information  to  a  train  crew  to  govern 
them  in  controlling  the  physical  movement  of  their  train."  Before  start- 
ing on  the  discussion  in  relation  to  the  development  of  the  system,  or 
the  selection  of  a  basis  for  a  system  of  signaling,  certain  assumptions  may 
be  made. 

(i)  Signals  are  used  to  a  sufficient  extent  on  p;-actically  all  roads 
to  make  it  necessary  to  have  some  system  of  signaling. 

(2)  In  designing  a  system  of  signaling,  the  first  question  naturally 
is,  "For  what  purposes  do  you  want  to  use  the  signals  ?" 

(3)  We  know  from  past  experience  that  signals  are  required  for 
the  following  purposes : 

(a)  Blocking  or  spacing  of  trains. 

(b)  Interlocking  or  protection  of  fouling  points. 

(c)  To  show  the  position  of  switches,  drawbridges,  etc. 

(d)  A    variety    of    other    purposes,    such    as    stop    signs,    slow- 

boards,  etc. 

The  next  logical  step,  it  seems  to  the  writer,  is  to  make  a  preliminary 
study  of  the  indications  required,  and  the  colors  and  combinations  available 
to  give  them.  (Definition  of  "Indication:"  The  word  "Indication,"  as 
used  in  this  discussion,  refers  to  the  name  or  description  of  the  signal 
aspect,  or  rather  the  meaning  of  the  aspect  to  the  engineman.  The 
word  "Aspect,"  as  used  in  this  discussion,  refers  to  the  picture  that  the 
signal  presents  to  the  engineman.) 

Such  preliminary  study  has  been  made  by  most  Signal  Engineers, 
and  the  result  is  that  forty  or  more  indications  have  been  found  desirable 
by  some.  A  brief  trial  in  providing  this  number  of  indications,  or  even 
half  the  number  with  aspects,  from  the  customary  semaphore  (or  its  prac- 
tical modifications)  will,  the  writer  believes,  convince  anyone  that  without 
some  system,  nothing  but  a  conglomeration  of  aspects,  wholly  impractical, 
can  result. 

This  brings  us  to  the  selection  of  some  kind  of  a  basis  in  working  out 
a  system  of  proper  indications   for  a  practical   signaling  system.     It   is 
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obvious  that  a  number  of  different  schemes  can  be  used  for  subdividing 
and  building  up  a  list  of  requisite  indications.     For  example : 

(i)     Signals  may  be  classed  as  those  relating  to  tracks,  and  those 

relating  to  trains ;  or 
(2)     Those  restricting  rights  and  those  conveying  information. 

Many  opinions  can  be  advanced,  and  many  have  been  advanced  on 
this  question.  The  writer's  personal  opinion,  however,  from  what  study 
he  has  given  the  subject,  is  that  the  only  proper  basis  for  a  signal  system 
is  the  control  of  the  physical  movement  of  the  train. 

If  this  latter  basis  is  used  in  selecting  indications,  except  as  explained 
below,  but  three  indications  are  necessary.  Generally  speaking,  and  except 
as  explained  below,  but  three  actions  can  be  taken  to  fully  control  the 
physical  movement  of  a  train  in  motion : 

(i)     It  can  be  stopped. 

(2)  It  can  be  allowed  to  proceed. 

(3)  Its  speed  can  be  restricted  for  a  greater  or  less  distance. 

From  this  it  follows  that  but  three  signal  indications  are  necessary : 

(i)     Stop. 

(2)  Proceed. 

(3)  Reduce  Speed. 

Some  roads  may  require,  for  convenient  operation,  two  reduce-speed 
indications.  If  so,  a  fourth  indication  would  be  required.  Again,  no 
reference  has  been  made  to  diverting  trains  to  other  tracks,  which,  how- 
ever, can  safely  be  done  on  the  reduce-speed  indication.  Some  roads 
may  rquire  separate  indications  for  this  purpose,  but  they  are  not  ab- 
solutely necessary  and,  therefore,  a  part  of  the  signal  system  just  out- 
lined, which  is  complete  without  them.  The  basis  above  referred  to,  the 
writer  believes  to  be  the  only  correct  one,  as  it  strikes  at  the  very  result 
we  are  trying  to  accomplish,  namely,  the  control  of  the  physical  movement 
of  the  train. 

The  system  outlined  is  complete  and  sufficient  for  any  railroad, 
provided,  however,  that  there  is  no  overlapping  of  signal  functions  or  in- 
dications, and  each  signal  reads  to  the  next.  Experience  has  shown  us 
that  it  is  practically  impossible  at  the  present  time  to  so  signal  a  railroad 
that  each  signal  will  always  read  to  the  next.  For  example,  we  have 
non-block  interlocking  stations  in  the  middle  of  manual  block  sections,  and 
many  other  conditions  of  overlapping  indications  we  can  all  think  of  with 
a  few  moments'  study.  It  is  manifestly  then  a  question  of  providing  for 
Overlapping  Indications.  Overlapping  indications  constitute  the  obstacle  to 
the  success  of  the  simple  signal  system  outlined  above. 

The  overlapping  indications  met  with  in  practice  to-day,  and  which 
probably  will  be  met  with  for  years  to  come,  make  it  necessary  for  us  to 
make  further  distinctions  in  signal  aspects,  and  therefore  further  indications. 
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Right  here  is  where  extreme  caution  is  required  in  further  enlarging  the 
signal  system.  The  question  is,  "What  further  distinctions  shall  be  made, 
and  what  further  signal  indications  shall  be  used  to  provide  against  over- 
lapping indications?"  It  is  the  writer's  personal  opinion  that  whatever 
distinctions  are  made  they  should  be  so  made  as  not  to  interfere  with  the 
basis  of  the  system  referred  to  above.  Here  again  we  are  confronted  with 
the  fact  that  if  a  different  indication,  or  set  of  indications,  is  used  for  each 
particular  purpose  for  which  railway  signals  are  used,  entirely  too  many  in- 
dications will  be  the  result.  A  broader  and  more  general  classification 
should  be  made,  something  that  will  result  in  fewer  indications.  It  should 
be  remembered  that  the  chances  of  an  engineer  making  a  mistake  in  inter- 
preting signal  aspects  increase  rapidly  with  the  increased  number  of  aspects, 
and  possibly  vary  directly  as  the  square  of  the  number  of  aspects. 

It  is  obvious  that  there  are  many  ways  of  making  distinctions  in  sig- 
nal indications  or  aspects,  and  the  question  may  be  summed  up  as  follows : 
Shall  we  make  each  signal  for  a  special  purpose  distinct  by  special  indica- 
tion and  aspect,  and  thereby  have  no  overlapping  indications,  but  a  large 
number  of  indications,  or  shall  we  make  a  broader  classification  with  a 
considerably  smaller  number  of  indications  (and  therefore  aspects)  and 
avoid  overlapping  indications,  by  combining  the  functions  of  the  signals 
themselves?  The  writer  believes  that  the  latter  is  the  proper  course,  in 
view  of  the  excessive  number  of  indications  and  aspects  resulting  from  the 
former  course.  Assuming  that  the  latter  course  is  the  proper  one,  the 
question  is,  "What  broad  classification  shall  we  use?"  A  study  of  the 
conditions  and  the  available  number  of  safe  aspects  leads  to  the  belief  that 
the  distinctions  should  be  made  according  to  the  methods  of  operation  of 
the  signals  themselves  in  ordinary  road  operation  as  follows : 

Class  I.  Signals  operated  by  attendants. 
Class  2.  Signals  operated  automatically. 
Class  3.     Signals  located  to  show  conditions  of  track  or  to  mark 

physical  characteristics  of  the  road,  such  as  switchstands, 

stop  signs,  etc. 

The  writer  advocates  the  broad  basis  described  above,  for  the  reason 
that  no  other  classification  or  methods  of  distinctions  which  have  come  to 
his  notice  seem  to  be  proper,  and  certainly  our  experience  with  them  to 
date  has  shown  that  it  is  impossible  for  Signal  Engineers  to  agree  on  the 
necessary  or  requisite  indications  under  any  of  the  classifications  that  have 
been  suggested  to  date.  The  writer  also  advocates  this  classification  for 
the  reason  that  it  seems  to  aim  at  the  proper  result,  which  is,  the  Con- 
trol of  the  Physical  Movement  of  the  Train. 


SIGNAL  INDICATIONS  AND  SIGNAL  ASPECTS. 
By  C.  C.  Anthony. 

After  careful  consideration  is  has  appeared  that  the  required  or  de- 
sirable indications  to  be  given  by  signals  should  first  be  enumerated  and 
their  relations  determined,  and  that  the  importance  of  each  should  be 
weighed  as  well  as  may  be  possible  and  consideration  given  to  the  possi- 
bility of  combining  certain  indications  that  differ  only  in  small  degree. 

As  a  general  proposition  the  number  of  required  signal  aspects  should 
be  made  as  small  as  possible,  because : 

Within  the  limitations  as  to  means  prescribed  by  three  or  four  posi- 
tions of  a  reasonable  number  of  semaphore  arms  and  three  or  four  colors 
of  a  reasonable  number  of  lamps,  the  difficulty  of  providing  a  large  number 
of  aspects,  without  violating  accepted  governing  principles,  is  almost  in- 
surmountable. 

Every  increase  involves  increased  complication  or  quantity  of  mechan- 
ism or  number  of  parts,  with  consequent  increased  first  cost,  and,  at  least 
after  a  certain  point  is  reached,  requires  or  is  likely  to  require  an  increased 
number  of  lamps,  with  resulting  increased  cost  of  operation. 

Increase  in  the  number  of  aspects  tends  to  defeat  one  of  the  chief  ends 
of  a  consistent  system  of  signalizing  by  diminishing  its  clearness  and  intel- 
ligibility. If  many  aspects  are  provided  that  will  be  used  on  some  roads 
or  divisions  and  not  on  others,  enginemen,  in  running  occasionally  over 
divisions  other  than  the  one  with  which  they  are  most  familiar,  will  be 
unable  to  interpret  promptly  aspects  that  they  do  not  see  every  day;  will, 
in  fact,  be  in  the  same  predicament  as  many  men  to-day  in  the  matter  of 
the  signal  indications  for  diverging  routes  at  the  various  interlockings  on 
their  runs;  they  know  the  routes  that  they  lake  frequently,  but  are_wholly 
at  sea  when  an  indication  is  given  that  they  have  not  had  to  take  before. 

GENERAL  CLASSIFICATION  OF  SIGNALS. 

Signals  may  be  divided  into  two  general  classes,  based  upon  the  char- 
acter of  the  conditions  to  which  they  relate. 

First — Those  that  prevent  trains  from  meeting  with  accident  at  inten- 
tional breaks  in  the  track  or  warn  the  engineman,  for  the  proper  control 
of  his  train,  of  those  changes  in  the  alinement  or  continuity  of  the  track 
that  can  be  made  at  will  in  regular  working,  as  at  switches,  drawbridges 
and  grade  crossings  (the  obstruction  of  a  track  by  a  train  crossing  it  on 
another  track  is  in  the  same  class  as  an  open  switch  or  drawbridge,  as  the 
train,  while  having  no  continued  relation  to  other  trains  on  the  track  con- 
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sidered,  simply  introduces  and  again  removes  a  dangerous  condition  at  a 
particular  point,  just  as  does  the  opening  and  closing  of  a  switch). 

Second — Those  that  prevent  trains  moving  on  the  same  track  from 
colliding. 

SIGNAL  INDICATIONS. 

Originally  the  stopping  or  preventing  effect  of  signals  viras  most  pro- 
minent— a  train  would  go  on  so  long  as  it  was  not  stopped ;  witness  the 
early  semaphores  in  which  the  absence  (even  careful  concealment)  of  the 
movable  part  was  deemed  a  sufficient  allright  indication.  The  necessity 
of  a  positive  clear  signal  was  recognized,  because  it  was  seen  that  the 
accidental  breaking  off  of  the  movable  part  of  the  signal  might  result  in 
a  possibly  misleading  appearance  of  a  clear  indication.  Even  after  the 
establishment  of  this  principle  that  a  positive  clear  indication  or  aspect 
must  be  provided,  it  was  still  true  that  primarily  the  allright  indication 
of  a  signal  was  simply  the  converse  or  neutralization  of  the  stop  indication. 
This  is  particularly  to  be  kept  in  mind  in  connection  with  the  American 
methods  of  operation  and  train  rules;  in  the  case  of  great  numbers  of  sig- 
nals the  allright  indication  simply  gives  the  information  that,  so  far  as  the 
matters  to  which  that  particular  signal  relates  are  concerned,  there  is  no 
occasion  for  a  train  to  stop. 

Fixed  signals  are  of  course  made  to  serve  the  second  purpose  men- 
tioned through  the  operation  of  the  system  of  block  signalizing.  Turn- 
ing now  to  the  more  specific  interpretation  of  the  allright  indications  of 
signals,  a  fundamental  difference  between  the  indications  of  signals  used 
for  the  two  purposes  mentioned  is  at  once  apparent.  The  allright  indi- 
cations of  signals  used  for  the  first  purpose  relate  to  one  point  or  to  a 
group  of  danger  points  lying  within  a  limited  portion  of  the  track ;  those 
of  signals  used  for  the  second  purpose  relate  to  the  condition  of  the  track 
(at  least  as  to  obstruction  by  trains)  for  a  considerable  distance — in  fact, 
up  to  the  location  of  the  next  signal  used  for  the  same  purpose. 

Taking  into  account  the  development  of  signaling  up  to  the  present 
time  and  the  established  principles  and  means  which  will  undoubtedly 
define  to  a  large  extent  the  direction  and  character  of  any  future  devel- 
opment, it  may  be  said,  as  a  matter  of  practical  experience  rather  than 
as  a  statement  of  any  unchangeable  principle,  that  the  indications  of  sig- 
nals must,  in  their  essence,  be  three  in  number :  Stop,  Prepare  to  Stop, 
and  Allright.  Each  of  these  indications  must  be  subject  to  modifica- 
cations,  or  must  take  on  qualifying  or  added  significations  to  meet  the 
requirements  of  practical  working. 

STOP    INDICATIONS. 

If  a  signal  is  operated  by  men  constantly  in  attendance,  its  stop  indi- 
cation must  mean  "Stop  and  Stay;"  no  discretion  is  left  to  the  engineman, 
as  either  the  indication  will  be  changed  at  the  proper  time  or,  if  this  is 
impossible,  the  signalman  is  at  hand  to  give  the  necessary  instructions. 
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If  a  signal  is  operated  automatically  or  by  trainmen  or  others  not  in 
constant  attendance,  it  must  be  within  the  discretion  of  the  engineman  to 
pass  its  stop  indication,  and  the  stop  indication  must  be  given  by  an  aspect 
sufficiently  distinct  from  that  meaning  "Stop  and  Stay"  to  facilitate  the 
correct  interpretation  of  each  indication.  A  further  distinction  is,  however, 
desirable,  on  the  Unes  of  the  difference  between  the  allright  indications 
of  block  signals  and  signals  relating  to  particular  points.  That  is,  the 
stop  indication  of  an  automatic  block  signal  should  logically  identify  the 
signal  as  a  block  signal  that  may  be  passed  after  a  stop  has  been  made, 
so  that  it  will  be  perfectly  clear  that  the  engineman,  in  proceeding,  must 
be  on  the  lookout  for  obstructions  throughout  the  length  of  a  block — until 
another  similar  signal  is  reached ;  while  the  stop  indication  of  a  switch 
signal  should  be  so  distinguished  from  that  of  the  automatic  block  signal 
as  to  make  it  apparent  thait  it  does  not  relate  to  the  condition  of  the  track 
for  a  considerable  distance. 

INDICATIONS  OF  SWITCH   SIGNAL. 

The  proper  indication  for  a  switch  signal  when  the  switch  is  open, 
should  be  considered  at  this  point.  Strictly,  it  would  seem,  a  switch 
signal  should  give  two  indications,  "Switch  Open"  and  "Switch  Closed," 
distinct  from  any  others  (unless  the  refinement  of  a  stop  indication  when 
the  switch  is  in  neither  position  be  considered).  But  since,  when  the 
switch  is  in  use  by  a  train  and  a  trainman  is  in  attendance  to  throw  it, 
the  indications  are  of  secondary  importance,  and  the  vital  matter  is  to. 
warn  a  train  that  should  go  through  at  full  speed  on  the  main  track, 
if  the  switch  is  in  a  position  to  be  dangerous  to  its  movement,  and  since, 
in  such  a  case,  a  stop  would  be  necessary,  the  indication  for  switch  open 
may  very  popularly  be  a  stop  indication,  but  must  be  so  different  from  other 
stop  indications  as  to  make  it  plain  that  it  may  be  passed,  even  without  a 
stop.  And  here  is  a  further  reason,  in  strict  consistency  for  distinguish- 
ing this  stop  indication  from  that  of  an  automatic  block  signal,  which  re- 
quires every  train  to  stop. 

PASSING  STOP  INDICATION  TO  REACH   STATION. 

At  the  present  time  it  is,  of  course,  common  practice  to  place  a  block 
signal  directly  in  front  of  a  station,  especially  when  signal  arms  for  trains 
in  each  direction  are  placed  on  the  same  mast.  It  is  then  practically 
necessary  at  times  for  trains  to  pass  the  stop  signal  in  order  to  come  to 
the  proper  stopping  place  opposite  the  station  platform.  There  is  some 
feeling  that  this  practice,  although  objectionable,  must  be  regarded  as  neces- 
sary and  should  not  be  condemned ;  and  it  is  argued  tlfat,  if  the  practice 
is  allowable,  a  special  stop  indication  ought  to  be  provided  to  show  that  a 
train  may  pass  it  for  a  short  distance,  although  otherwise  it  has  the  force 
of  a  stop-and-stay  indication. 

Practically  there  can  be  no  excuse  for  such  situations  on  double-track 
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roads.  Admitiing  that  saving  of  expense  by  putting  two  signals  on  one 
mast  at  points  between  regular  stations  is  justifiable,  the  cost  of  properly 
locating  the  signals  at  stations  ought  to  have  litile  weight  against  the  ad- 
vantage. Busy  single-track  roads  should  also  be  able  to  provide  home  and 
advance  signals  in  each  direction  at  stations  where  block  signals  are  lo- 
cated. There  will  remain  some  single-track  roads  of  light  traffic  and  lim- 
ited resources  on  which  the  objectionable  practice  must  doubtless  be 
perpetuated.  But  on  such  roads  practically  all  the  signaling  will  be  so 
simple  that  it  w'ould  seem  to  be  quite  sufficient  to  make  a  special  rule 
that  the  stop  indication  of  any  signal  directly  in  front  of  a  station  might 
be  passed  without  special  authority  in  each  case,  for  the  purpose  of  bring- 
ing a  train  up  to  the  platform  or  the  like. 

PREPARE-TO-STOP    OR    CAUTION    INDICATION. 

It  would  seem  that  this  indication  might  be  the  same  for  all  stop  in- 
dications except  in  so  far  as  it  might  be  found  necessary  in  practice  to  use 
separate  distant  signals  for  different  home  signals  located  near  together, 
with  the  territories  of  the  distant  signals  overlapping  and  one  distant  sig- 
nal woking  in  connection  with  two  or  more  home  signals,  or  one  distant 
signal  working  in  connection  with  one  home  signal  and  independently  of 
others.  It  is  important  to  note,  however,  that,  in  the  case  of  automatic 
block  signals  and  of  any  signal  located  within  stopping  distance  of  a  suc- 
ceeding signal,  it  is  already  agreed,  in  effect,  that  the  caution  indication 
should  be  combined  with  an  allright  indication.  The  possible  necessary 
modifications  of  the  caution  indication  may  therefore  depend  upon  the 
character  of  the  allright  indications. 

ALLRIGHT   INDICATIONS. 

For  convenience  of  reference  signals  covering  particular  points  in  the 
track  and  operated  by  signalmen  will  be  regarded  as  interlocking  signals 
(as  they  almost  invariably  would  be),  and  signals  used  for  the  same  pur- 
pose and  operated  by  trainmen  will  be  called  switch  signals.  The  general 
term,  manual  signals,  will  be  applied  to  interlocking  and  manual  block 
signals  as  distinguished  from  switch  signals  which,  of  course,  are  also 
manually  operated. 

The  allright  indication  of  an  interlocking  signal  means  primarily  (be- 
fore any  other  function  has  been  added),  the  track  at  this  point  is  allright. 

The  allright  indication  of  a  switch  signal  means  identically  the  same 
thing  as  that  of  an  interlocking  signal. 

The  allright  indication  of  a  block  signal  means,  the  block  is  clear. 

When  the  block  is  occupied  (permissive  blocking)  the  block  signal 
may  also  indicate,  allright   (to  pass  the  signal),  the  block  is  occupied. 

If  a  block  signal  is  controlled  by  the  switches  in  the  block  (as  regu- 
larly in  the  case  of  automatic  signals)  the  allright  indication  means  the 
block  is  clear  and  all  switches  in  the  block  are  set  for  the  main  track. 
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Where  trains  are  moved  by  signal  with  respect  to  following  trains, 
the  allright  indication  means  the  block  is  clear,  it  is  allright  to  proceed 
regardless  of  following  trains. 

Where  trains  on  single  track  are  moved  by  signal  without  train 
orders,  the  allright  indication  means  the  block  is  clear,  it  is  allright  to 
proceed  regardless  of  all  other  trains. 

In  the  last  three  cases  the  permissive  indication  has  the  same  mean- 
ing except  to  indicate  that  the  block  is  occupied,  not  clear. 

DISTANT  ALLRIGHT  INDICATIONS. 

It  must  here  be  noted  that  preliminary  allright  indications,  the  con- 
verse of  the  prepare-to-stop  or  caution  indication,  are  necessary.  Further- 
more it  is  pretty  well  agreed  that  the  caution  indication  should  be  "carried 
through;"  that  is,  that,  whenever  a  signal  is  within  stopping  distance  of 
the  next  signal  ahead,  it  should  give  a  caution  indication  when  the  next 
signal  indicates  stop  and,  conversely,  should  give  a  preliminary  allright 
indication  when  the  indication  of  the  next  signal  is  allright.  The  prelim- 
inary allright  indication  in  such  cases  might  be  termed  a  double  or  com- 
bined allright  indication  as  indicating  the  condition  at,  or  beyond,  the 
signal  where  the  indication  is  given  and  also  at  the  next  signal.  So,  too, 
the  caution  indication  of  such  signals  is  necessarily  combined  with  the 
allright  indication.  In  fact,  the  two  indications  might  be  interpreted  in 
this  way :  Allright  here,  but  not  at  the  next  signal.  Allright  here  and 
at  the  next  signal. 

In  dealing  with  the  distinctions  in  the  meanings  of  the  allright  indica- 
tion it  will  evidently  be  necessary  to  consider  their  bearing  upon  both 
kinds  of  allright  indications. 

DISTINCTIONS  BETWEEN  ALLRIGHT  INDICATIONS. 

Conditions  afifecting  the  necessity  or  desirability  of  making  distinc- 
tions in  signal  aspects  to  accord  with  the  different  meanings  of  the  all- 
right  indication  are: 

First — The  necessity  of  having  switch  signals  within  moderate  dis- 
tances of  other  signals  or  at  other  points  in  manual  blocks. 

Second — The  admitted  necessity  of  having  within  the  blocks  inter- 
lockings  that  are  not  block  stations. 

The  question  of  distinguishing  indications  that  give  right  to  proceed 
will  be  separately  considered. 

Taking  up  first  the  possible  conflict  of  indications  and  leaving  out  of 
consideration  the  confusion  that  may  arise  on  account  of  signals  being 
near  one  another,  it  is  important  to  note  that  the  portion  of  track  covered 
by  a  block  signal  must  overlie  and  extend  beyond  the  portion  covered  by 
any  switch  signal  or  interlocking  in  the  block,  and  no  allright  indication  of 
an  intermediate  switch  or  interlocking  signal  can  possibly  have  a  signi- 
ficance of  greater  force  or   reaching  to  a  greater  distance  than  that  of 


SIGNALING   AND   INTERLOCKING.  71 

the  allright  indication  given  by  the  block  signal  at  the  entrance  of  the 
block.  If  absolute  blocking  were  carried  on,  there  could  be  no  conflict 
between  the  allright  indications  of  intermediate  signals  and  those  of  the 
block  signals.  That  is,  for  example,  if  the  allright  indication  of  an  in- 
termediate interlocking  signal  were  given  by  the  same  aspect  as  that  of 
the  block  signal,  while  the  operation  of  the  signal  would  be  independent 
of  the  block  conditions,  the  allright  indication,  as  appearing  to  indicate 
clear  block  to  an  approaching  train,  would  be  true  and  could  not  be  mis- 
leading, because,  at  the  time  the  train  entered  the  block  (on  a  clear  in- 
dication), the  track  between  the  intermediate  signal  and  the  end  of  the 
block  must  have  been  clear. 

BEARING    OF    PERMISSIVE   BLOCKING    ON    DISTINCTIONS. 

It  is  permissive  blocking  alone  that  leads  to  possible  conflict  of  all- 
right  indications  if  the  same  aspect  is  used.  And  such  conflict  might  be 
made  little  objectionable  if  permissive  working  were  carried  on  by  card 
and  limited  as  much  as  possible ;  for  it  is  quite  conceivable  that  the  per- 
missive cards  might  be  separately  printed  for  each  block  and  bear  the 
names  of  the  two  block  stations  clearly  printed  in  large  letters;  such  cards, 
if  their  use  were  not  too  common,  would  be  likely  to  be  noticed  and,  while 
the  indications  of  intermediate  signals  would  be  conflicting  and  objection- 
.  able  from  the  point  of  view  of  strict  consistency,  there  would  be  little 
probability  that  an  engineman  would  be  misled.  However,  when  permis- 
sive movements  are  numerous  and  are  made  by  signal  indication,  there 
can  hardly  be  a  question  that  distinction  between  the  allright  indications 
of  block  signals  and  other  signals  is  necessary. 

INTERLOCKING    AND   BLOCK    SIGNALS. 

Following  out  further  the  relations  between  interlocking  and  block 
signals,  it  is  to  be  observed  that  most  of  the  interlocking  signals  on  any 
reasonably  well  signaled  railroad  will  take  on  the  function  of  a  block  sig- 
nal; each  interlocking  home  signal  at  an  interlocking  that  is  also  a  block 
station  will  indicate  the  clear  or  obstructed  condition  of  the  longer  or 
shorter  portion  of  track  between  itself  and  the  manual  or  automatic  ad- 
vance signal,  and,  if  advance  signals  are  not  regarded  as  essential  at  all 
interlockings  that  are  block  stations,  a  home  signal  may  also  indicate  the 
condition  of  a  long  manual  block.  This  being  the  case,  it  would  seem 
that  the  normal  or  typical  indications  of  the  interlocking  signal  should 
be  those  that  are  characteristic  of  its  functions  as  a  block  signal,  and  the 
smaller  number  of  interlocking  signals  that  are  not  block  signals  should 
be  distinguished  by  some  change  in  the  aspects.  Moreover,  it  would  seem 
in  no  way  essential  that  the  indications  of  a  combined  interlocking  and 
block  signal  should  be  different  from  those  of  a  simple  block  signal.  It 
is  true  that  the  allright  indication  of  the  interlocking  signal  gives  infor- 
mation   (that   certain   switches   are   set   for   the  main   track,   say)    that  a 
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simple  block  signal  does  not  necessarily  give,  and  it  might  be  argued  that, 
with  the  same  aspects,  the  indications  of  the  block  signal  would  be 
misleading.  But  practically  this  is  of  small  consequence;  either  the  all- 
right  indication  of  the  block  signal  would,  through  bolt-locking,  show 
that  any  switches  near  it  were  set  for  the  main  track  or  such  switches 
would  be  provided  with  home  or  distant  switch  signals  that  would  be 
as  noticeable  as  the  block  signal  itself,  and  would  at  once  make  it  evident 
that  the  signal  did  not  show  the  positions  of  the  switches.  And,  finally, 
the  difference  is  only  one  of  degree.  The  allright  indication  of  an  in- 
terlocking signal  does  not  necessarily  show  that  all  the  switches  in  the 
vicinity  are  right ;  there  may  be  one  or  two  non-interlocked  switches 
within  a  thousand  feet  of  the  interlocking.  So  the  worst  that  may  be  said 
is  that  the  allright  indication  of  an  interlocking  signal  always  indicates 
that  at  least  one  switch  is  right  (if  the  interlocking  is  for  the  purpose 
of  handling  switches),  while  the  block  signal  may  not  indicate  that  any 
switch  is  right.  But,  whether  the  allright  indication  of  a  block  signal 
does  or  does  not  show  that  certain  switches  are  right,  a  train  must  pro- 
ceed on  such  information  as  the  engineman  may  get  from  the  switch 
signals  or,  if  some  of  the  switches  are  not  properly  equipped,  on  trust 
that  they  are  right.  It  seems  clear,  therefore,  that  the  advantage  of  show- 
ing by  difference  of  aspect  whether  or  not  a  signal  has  anything  to  do 
with  the  positions  of  some  of  the  switches  near  it,  is  much  too  small  to 
justify  the  addition  of  the  necessary  aspect  or  aspects. 

SIGNALS   NEAR  TOGETHER. 

Turning  now  to  the  possible  confusion  that  may  result  from  signals 
of  different  kinds  being  near  one  another,  it  is  evident  that  the  whole 
question  of  "carrying  indications  through,"  already  mentioned,  must  be 
considered.  It  may  be  convenient  to  use  the  word  "repeat,"  in  connec- 
tion with  the  function  of  a  signal  in  giving  preliminary  indications  for 
both  the  stop  and  allright  indications  of  a  succeeding  signal ;  this  word 
is  not  strictly  accurate,  as  the  stop  indication  is  not  really  repeated  and 
a  stop-here  indication  given  at  the  preceding  signal,  but  it  may  serve  the 
purpose  when  the  special  sense  in  which  it  is  used  is  understood. 

It  is  clearly  very  desirable  that  the  home  signal  at  an  interlocking  or 
block  station  should  repeat  the  indications  of  the  second  home  signal  or  of 
the  advance  signal.  If  a  particular  position  of  the  semaphore  arm  and  a 
corresponding  color  of  light  are  used  for  this  purpose,  the  same  position 
and  color  will  properly  be  used  when  it  is  convenient  to  make  the  home  or 
advance  signal  at  one  interlocking  or  block  station  repeat  the  indications 
of  the  home  signal  at  the  next  station.  It  is  obvious  that,  as  a  matter  of 
consistency  and  uniformity,  the  same  indication  cannot  be  used,  at  pleasure, 
in  one  case  to  repeat  the  indications  of  a  signal  beyond,  and  in  another 
similar  situation  to  serve  merely  as  an  allright  indication  without  repeating 
the  indication  of  a  succeeding  signal  located  at  such  a  distance  that  the 
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first  signal  would  have  every  appearance  of  serving  to  repeat  its  indica- 
tions. Clearly,  if  it  is  absolutely  necessary  that,  in  some  cases,  a  signal 
should  not  repeat  the  indications  of  a  succeeding  signal  when  it  is  so  situ- 
ated that  it  might  properly  do  so,  an  allright  indication  will  have  to  be 
provided  distinct  from  the  one  that  means  "the  indication  of  the  next  signal 
is  allright."  But,  in  the  interest  of  simplicity  and  limitation  of  the  number 
of  signal  aspects,  since  "carrying  through"  will  be  common  in  the  case  of 
interlocking  and  block  signals  the  rule  might  better  be  unvarying  that  the 
indications  of  interlocking  and  block  signals  should  be  "carried  through" 
in  all  cases  where  two  signals  are  within  the  distance  at  which  preliminary 
indications  ought  to  be  given. 

Logically,  perhaps,  switch  signals  should  be  tr-eated  in  the  same  way  as 
interlocking  and  block  signals.  But  practically  these  are,  and  probably  will 
be,  very  numerous  on  some  roads  and  the  complication  and  expense  of 
"carrying  their  indications  through"  in  all  cases  where  they  happen  to  be 
near  interlocking  or  block  signals,  would  be  so  serious  that  uniform  prac- 
tice in  that  direction  could  not  be  brought  about.  It  would,  therefore, 
undoubtedly  be  belter  to  make  it  the  invariable  rule  that  indications  should 
not  be  "carried  through,"  either  by  or  for  switch  signals.  It  has  already 
been  seen  that  the  stop  indication  of  a  switch  signal  should  be  different 
from  that  of  any  other  signal  and  that  the  allright  indication  should  be 
different  from  that  of  a  block  signal ;  all  that  is  further  necessary  is  that 
its  allright  indication  should  also  be  different  from  that  of  a  simple  inter- 
locking signal. 

If  an  interlocking  that  is  not  a  block  station  comes  within  stopping  dis- 
tance of  a  block  station,  there  is  a  possible  difference  of  conditions  between 
the  two  directions  of  train  movement;  it  may  be  a  question  whether  the 
interlocking  signal  in  one  direction  should  repeat  the  indications  of  the 
block  signal  in  advance  of  it,  and  a  separate  question  whether  the  block 
signal  in  the  other  direction  should  repeat  the  indications  of  the  interlock- 
ing signal.  It  has  been  the  practice  on  many  roads  up  to  the  present  time 
to  install  manual  block  signals  without  distant  signals,  and  to  use  distant 
signals  generally  at  interlockings.  If  this  practice  should  continue  to  any 
considerable  extent,  it  might  be  argued  that,  to  make  the  interlocking  signal 
act  as  a  distant  signal  for  the  block  signal,  would  involve  complication 
and  expense  to  accomplish  something  that  would  not  be  undertaken  at  all 
if  the  interlocking  signal  were  not  there.  And  as  it  has  already  been  found 
that  a  distinct  aspect  ought  to  be  provided  for  interlocking  signals  that 
are  not  block  signals,  it  might  seem  a  simple  matter  to  specify  that  this 
aspect  should  not  serve  to  repeat  the  indications  of  signals  in  advance — as 
proposed  in  the  case  of  switch  signals,  so  that,  in  the  situation  under  con- 
sideration, it  would  not  be  necessary  to  provide  for  repeating  indications 
in  one  direction  at  least.  A  complete  signal  system  must,  however,  be 
ready  to  meet  all  legitimate  combinations  of  conditions.  If  non-block 
intermediate  interlockings  must  be  recognized  at  all,  it  is  perfectly  safe  to 
say  that,  sooner  or  later,  two  such  interlockings  will  be  found  at  such  a 
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distance  apart  that,  as  a  matter  of  consistency,  and  actually  of  safety,  the 
signals  of  one  should  repeat  the  indications  of  the  signals  at  the  other.  It 
is  therefore  evident  that  the  aspects  for  non-block  interlocking  signals 
must  repeat  the  indications  of  signals  in  advance,  and,  logically,  if  signals 
that  do  not  so  repeat  are  requisite,  an  additional  aspect  must  be  provided. 

There  would  not  be  quite  so  much  reason  for  having  the  block  signals 
in  the  other  direction  vfork  independently  of  the  interlocking  signal,  because 
a  distant  signal  for  the  interlocking  would  undoubtedly  be  deemed  neces- 
sary and,  even  if  the  block  signal  came  between  the  interlocking  signal 
and  the  proper  location  for  the  distant,  it  would  probably  be  generally 
agreed  that  the  distant  signal  might  better  serve  for  both  and  that  the 
block  signal  should  then  give  additional  repeating  indications  for  the  inter- 
locking signal.  If,  however,  it  were  thought  desirable  to  have  the  block 
signal  work  independently  of  the  interlocking  signal,  it  is  evident  that  an- 
other aspect  would  be  required. 

If,  then,  the  block  and  interlocking  signals  in  both  directions  were  to 
be  worked  independently,  two  additional  aspects  would  be  necessary ;  these 
could  not  be  the  same,  because  one  would  give  a  clear  block  indication  and 
the  other  a  non-block  interlocking  indication.  And  these  additional  aspects 
would  be  provided  not  to  add  to  the  completeness  of  the  system  in  provid- 
ing for  distinctions  of  indications  necessary  for  intelligent  action  of  the 
engineman — on  the  contrary  they  would  add  to  the  complexity  of  the  sys- 
tem and  the  difficulty  of  the  engineman  in  remembering  the  meanings  of  all 
the  aspects — but  simply  to  admit  of  a  certain  saving  of  expenditure  at  a 
limited  number  of  special  situations.  It  seems  clear  that  the  disadvantages 
outweigh  the  advantages  in  this  case,  that  uniform  practice  should  prevail, 
and  the  indications  be  repeated  in  both  directions. 

BLOCK  STATIONS  OR  INTERLOCKINGS   NEAR  ONE  ANOTHER. 

It  may  be  well  to  consider  here  just  what  the  conditions  will  be  when 
two  block  stations  or  a  block  station  and  an  interlocking  come  within 
distant-signal  distance  of  each  other,  especially  in  connection  with  permis- 
sive blocking.  If  the  block  signal,  in  such  a  situation,  can  give  four  indi- 
cations, stop;  allright,  block  occupied;  allright,  next  signal  at  slop;  and 
allright  through  the  caution  indication  (allright,  next  signal  at  stop)  can  be 
used  only  when  the  block  is  clear.  The  permissive  indication,  showing  that 
a  train  may  be  found  aiiywhere  beyond  the  signal,  is  less  favorable  than  the 
caution  indication  and  must  necessarily  be  used  when  the  block  is  occupied ; 
it  would  naturally  be  assumed  that  the  engineman,  looking  out  for  obstruc- 
tion at  any  point,  should  have  no  difficulty  in  making  the  stop  if  the  next 
signal  should  be  at  stop.  But,  after  a  little  reflection  on  the  way  in  which 
trains  are  actually  run  under  permissive  signals  on  hundreds  of  miles  of 
road,  it  is  not  so  certain  that  the  engineman,  accustomed  to  running  at  fair 
speed  through  blocks  two  or  three  miles  in  length,  after  receiving  permis- 
sive indications,  without  seeing  the  preceding  trains,  could  be   depended 
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upon  to  look  out  for  a  stop  signal  at  a  definite  point  ahead  unless  he  were 
warned  by  a  special  signal  indication.  Since  it  is  evident  that  the  regular 
caution  indication  could  not  properly  be  used  when  the  block  was  occupied, 
as,  when  given  by  a  block  signal,  it  should  indicate  block  clear,  it  is  an  inter- 
esting question  whether  an  additional  "caution-permissive"  indication  ought 
not  to  be  provided  to  indicate  to  the  engineman  that  he  must  be  on  the 
lookout  for  a  preceding  train  anywhere,  but  even  though  he  should  see 
nothing  of  a  preceding  train,  he  must  also  be  prepared  to  stop  at  the  next 
signal.  Practically,  of  course,  the  additional  indication  should  be  withheld, 
as  in  other  cases,  to  avoid  multiplication  of  aspects ;  and  it  must  be  assumed 
that  enginemen,  knowing  where  signals  come  near  together  on  account  of 
short  blocks  or  non-block  interlockings  located  near  block  stations,  will  be 
on  the  lookout  for  signals  in  advance  in  all  cases,  whether  the  preceding 
indication  is  caution  or  permissive,  except  when  the  indication,  allright 
through,  is  received. 

In  connection  with  this  subject  it  is  interesting  to  note  that,  when  the 
signal  in  advance  is  at  a  non-block  interlocking  the  caution  indication  of 
the  block  signal  indicates  not  only  that  the  track  is  clear  to  the  next  signal 
and  that  signal  is  at  stop,  but  also  that  the  track  is  clear  beyond  the  next 
signal. 

BLOCK   SIGNALS   INDICATING   SWITCHES   RIGHT. 

Special  allright  indications  for  a  block  signal  that  shows  all  switches 
in  the  block  to  be  set  for  the  main  track,  are  evidently  no  more  necessary 
than  separate  allright  indications  for  block  and  combined  interlocking  and 
block  signals;  either  the  switches  will  be  provided  with  home  or  distant 
switch  signals  which  must  be  known  to  the  engineman  and  will  show  him 
the  positions  of  the  switches  as  he  comes  to  them,  or  there  will  be  no 
switch  signals  and  the  engineman  must  proceed  on  the  assumption  that  the 
switches  are  right. 

SIGNALS  GIVING  RIGHTS. 

It  is  somewhat  difficult  to  decide  whether  distinct  allright  indications 
for  block  signals  that  give  trains  the  right  to  proceed  are  necessary.  If 
they  are  not  provided,  it  is  plain  enough  that,  as  working  by  signals  is 
gradually  extended,  there  will  be  numerous  cases  of  one  aspect  meaning 
different  things  on  the  same  road  and  on  the  same  division.  But  in  con- 
sidering the  application  of  the  principle  that  one  aspect  should  not  indicate 
different  things,  it  is  proper  to  inquire  whether  any  possible  misunder- 
standing could  probably  lead  to  an  accident.  Now  it  is  evident  that,  if  the 
block  signal  work  is  properly  done  on  either  a  double-track  or  a  single- 
track  road,  any  train  that  might  proceed  on  a  clear  signal  indication  with- 
out necessary  superiority  or  right,  would  be  protected  and  no  accident 
could  result.  Therefore  distinction  of  indications  in  this  case  is  not  neces- 
sary for  safety,  but  is,  of  course,  very  desirable  to  prevent  enginemen  from 
being  led  by  ambiguous  signal  indications  into  censurable  mistakes.    Never- 
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theless  it  must  not  be  forgotten  that  the  conditions  under  which  enginemen 
have  to  work  would  be  greatly  improved  by  even  the  gradual  introduction 
of  a  uniform,  consistent  system  of  signal  indications,  and,  if  some  incon- 
sistencies should  persist,  these  should  be  charged  to  the  methods  of  opera- 
tion or  the  incompleteness  of  the  signal  equipment,  and  not  to  the  system 
itself ;  and  relief  would  have  to  come  through  nearer  approach  to  the  ideal 
signaling  and  operating  methods.  In  view,  then,  of  the  urgent  need  of 
keeping  the  number  of  aspects  as  small  as  possible,  it  may  be  concluded 
that,  as  a  distinction  of  indications  in  this  case  is  not  necessary  for  safety, 
it  should  not  be  attempted. 

PERMISSIVE  INDICATION. 

The  exact  significance  of  the  permissive  indication  or  the  action  or  atti- 
tude to  be  taken  by  the  engineman  on  receiving  it,  are  matters  requiring 
careful  consideration  and  matters  as  to  which  satisfactory  conclusions  can 
hardly  be  reached  without  the  help  of  some  dicta  from  the  operating  people. 

In  some  places  the  actual  interpretation  of  the  permissive  indication 
seems  to  be  as  temporarily  suspending  the  operation  of  the  block  system 
at  that  point ;  trains  proceed  in  practically  the  same  way  as  they  do  when 
a  clear  indication  is  received,  apparently  on  the  assumption  that  any  pre- 
ceding train  will  be  properly  protected  by  flagman ;  but,  curiously  enough. 
Standard  Code  Rule  No.  91  is  not  temporarily  restored  in  this  case.  In 
some  places  it  is  held  that  an  engineman,  after  receiving  a  permissive  indi- 
cation, should  keep  a  very  good  lookout  and  shotild  handle  his  train  with 
especial  care  and  foresight  so  as  to  be  able  to  make  the  best  possible  stop 
in  case  a  flagman  should  be  found  near  the  farther  end  of  a  curve  and  not 
very  far  from  his  train.  In  still  other  places  the  engineman  is  held  respon- 
sible for  any  collision  under  permissive  blocking  without  excuse  by  reason 
of  improper  flagging.  Under  this  last  interpretation  of  the  engineman's 
responsibility  it  logically  follows  that  every  train  receiving  a  permissive 
indication  should  be  run  under  control  through  the  block ;  and  yet  it  is 
practically  certain,  as  a  matter  of  observation,  that  this  is  commonly  not 
the  case.  Moreover,  where  permissive  working  is  not  suspended  during 
fog,  any  pretense  of  responsibility  on  the  engineman's  part  becomes  an 
absurdity;  the  purpose  of  permissive  blocking  is  to  expedite  train  move- 
ment, but  if  a  train  were  really  run  under  control  through  a  long  block  in 
a  fog,  it  would  lose  much  more  time  than  it  would  by  waiting  for  the 
block  to  be  clear. 

On  some  roads  the  distant  signal  is  not  cleared  when  the  home  or 
advance  signal  gives  the  permissive  indication,  but  on  one  or  more  impor- 
tant roads  the  contrary  practice  prevails.  If  it  is  held  that  trains  should 
be  run  under  control  and  be  able  to  avoid  collision  practically  without 
regard  to  the  flag  protection  of  a  preceding  train,  the  former  plan  is  the 
logical  one,  as  a  train  might  be  found  at  so  short  a  distance  beyond  the 
home  signal  that  the  permissive  indication  could  not  be  acted  upon  if  the 
following  train  were  proceeding  at  speed,  as  it  could  properly  be  if  the 
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distant  signal  were  clear.  On  the  other  hand  if  it  is  the  interpretation,  or 
if  the  allowed  practice  in  effect  necessitates  the  interpretation,  that  the 
permissive  indication  practically  suspends  block  working,  then  there  is 
much  ground  for  the  contention  that  the  distant  signal  should  be  clear 
when  the  permissive  indication  is  given ;  and  it  must  be  admitted  that,  in 
any  case,  there  are  some  practical  advantages  in  favor  of  this  arrangement. 
The  permissive  indication  does  not  require  a  stop,  so  far  as  the  signal  is 
concerned,  and  thousands  of  times  there  is  no  other  occasion  for  a  stop 
anywhere  near  the  signal ;  in  all  these  cases  the  prepare-to-stop  indication 
at  the  distant  signal  gives  wrong  information  and,  if  the  view  of  the  home 
is  obscured,  may  cause  needless  slowing  of  many  trains. 

There  must  undoubtedly  be  a  middle  ground  in  the  matter  of  per- 
missive working.  If  it  is  to  be  continued  on  crooked  roads  with  heavy 
traffic,  it  cannot  reasonably  be  maintained  that  trains  should  literally  be 
run  under  control ;  some  dependence  must  be  placed  upon  the  flagman 
and  the  most  that  can  fairly  be  expected  of  an  engineman  is  that,  in  addi- 
tion to  keeping  a  particularly  good  lookout  and  keeping  his  braking  power 
up  to  the  maximum  at  bad  points,  he  shall  endeavor  to  avoid  getting  so 
close  to  a  preceding  train  while  both  are  moving  at  good  speed  that,  in  case 
of  a  sudden  stop  of  that  train  where  the  view  is  obstructed,  there  will  not 
be  sufficient  time  for  the  flagman  to  get  back.  If  this  is  the  right  view  of 
the  matter,  it  is  not  necessary  that  a  train  should  approach  every  home  sig- 
nal prepared  to  stop,  when  the  permissive  indication  is  given,  but  at  the 
same  time  a  clear  indication  at  the  distant  is,  strictly  speaking,  misleading 
and  may  contribute  to  a  collision  if  a  preceding  train  is  stopped  not  far 
beyond  the  home  and  the  flagman  has  not  gone  back  as  far  as  might  be 
desirable.  It  would  seem  then  that  logically  the  distant  signal  should 
repeat  the  permissive  indication  of  the  home  or  advance  signal  so  that  the 
engineman,  while  not  being  left  in  uncertainty  as  to  whether  a  stop  indica- 
tion would  be  found  at  the  home,  should  at  the  same  time  not  be  misled 
with  an  apparent  indication  of  clear  track.  Of  course  all  difficulty  can  be 
removed  by  the  use  of  a  track  circuit,  either  to  prevent  the  giving  of  even 
a  permissive  indication  until  a  train  has  passed  some  fixed  distance  beyond 
the  signal  or  to  prevent  the  clearing  of  the  distant  until  the  train  has 
reached  ample  stopping  distance  beyond  the  home  or  advance  signal.  How- 
ever, this  solution  may  seem  expensive  and  inconvenient  on  a  road  that 
has  little  electric  signal  work,  and  in  that  case  it  must  be  admitted  that 
there  would  be  a  good  deal  of  reason  in  providing  a  permissive  indication 
at  the  distant  signal. 

MODIFIED   ALLRIGHT  INDICATIONS   OF  INTERLOCKING   SIGNALS. 

The  scheme  of  speed  signaling  for  diverging  routes  has  been  quite 
readily  accepted,  but  without  much  doubt  to  a  considerable  extent  it  has 
been  so  accepted  because  in  many  situations  there  will  be  no  practical 
difference  between  speed  signaling  and  route  signaling,  and  the  difficulties 
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that  will  be  met  in  applying  speed  signaling  in  practice  have  not  been 
realized.  It  may,  therefore,  be  well  to  look  into  the  merits  of  the  two 
ways  of  signaling  diverging  routes.  And  first  it  is  important  to  note  that, 
with  track  layouts  as  they  are  at  the  present  day— having  crossovers  and 
turnouts  with  frogs  of  various  numbers  and  not  having  routes  of  a 
given  kind  provided  invariably  with  crossovers  and  turnouts  of.  ap- 
proximately the  same  character— route  signaling  by  itself,  even  if  it  were 
perfectly  practicable,  would  be  entirely  inadequate;  that  is,  it  would  be 
absolutely  necessary,  as  a  matter  of  consistent  signaling,  to  distinguish 
by  signal  indications  the  character  of  certain  routes  in  respect  of  the 
switch  curves  or  frog  numbers,  which,  even  though  leading  to  tracks  of 
the  same  kind  and  importance,  would  determine  the  safe  speeds  in 
moving  over  them.  It  may,  however,  be  regarded  as  almost  axiomatic 
that,  in  a  system  applicable  to  all  situations — large  interlockings  on 
roads  having  several  main  tracks,  as  well  as  small  ones — the  signaling 
of  routes  by  means  of  an  aggregation  of  semaphore  arms  placed  one 
below  another  on  the  same  mast,  is  an  absolute  impossibility.  Every 
attempt  to  do  this  has  broken  down  as  soon  as  the  number  of  routes 
to  be  separately  indicated  has  exceeded  two  or  three,  and  it  is  notorious 
that  cnginemen  have  never  been  able  to  remember  the  more  or  less 
arbitrary  significations  necessarily  attached  to  the  various  arms  at  dif- 
ferent places. 

Speed  signaling  concerns  itself  solely  with  indicating  the  character 
of  the  various  routes,  as  affecting  the  safe  speeds  of  trains — a  feature 
that,  as  already  pointed  out,  would  have  to  be  combined  with  route 
signaling,  if  the  latter  were  practicable — and  thus  readily  establishes  a 
uniform,  unvarying  system  of  indications  for  diverging  routes  that  can 
be  quickly  learned  and  more  quickly  and  unerringly  interpreted  wherever 
such  an  indication  is  met  with.  And  while  it  is  true  that,  in  the  applica- 
tion to  actual  conditions,  some  particular  places  will  be  found  where  it 
will  be  quite  desirable  to  give  specific  indications  for  certain  routes, 
there  is  no  question  that  speed  signaling  is  the  only  consistent  and 
universally  applicable  system  now  available,  and,  once  adopted,  it  should 
be  rigidly  adhered  to;  a  mixture  of  the  two  systems,  semaphore  arms  being 
used  for  both,  would  be  absolutely  intolerable. 

SPECIAL  ROUTE   SIGNALING. 

If  conditions  should  be  met  with  in  which  route  signaling  should  be 
decided  to  be  indispensable,  -the  logical  course  would  be  to  devise  some 
means  of  giving  the  indications  totally  different  from  the  semaphore. 
Doubtless  the  most  promising  expedient  would  be  a  return  to  the  despised 
and  discarded  disc  indicator.  Useless  as  this  device  was,  it  is  not  un- 
likely that  very  satisfactory  results  might  be  obtained  with  a  similar 
arrangement  constructed  on  rational  lines,  of  large  size,  illuminated  at 
night   by   an   ample    light,    and    made    to   constitute   the    sole   means    of 
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giving  the  indication,  so  that  attention  would  be  concentrated  upon  it, 
and  not  used  as  an  adjunct  to  a  semaphore  arm  by  which  attention 
was  drawn  away  from  the  old  route  indicator  and  its  dim  and  futile 
characters.  The  satisfactory  character  of  such  a  signal  may  seem  the 
more  probable  if  it  is  kept  in  mind  that  it  would  not  come  into  play 
in  connection  with  the  highest  speeds. 

SPEED   SIGNALING — DETAILS. 

In  the  scheme  of  speed  signaling  it  is  proposed  to  indicate  three 
different  permissible  speeds,  and  that  the  indication  for  the  lowest  speed 
shall  carry  with  it  a  certain  suggestion  as  to  the  need  of  special  care 
in  moving  on  this  indication  because  of  possible  obstruction  of  the  route 
or  limited  space  on  the  track  to  which  it  happens  to  lead  in  a  given  case. 
It  is  easily  seen  that,  in  connection  with  each  speed  indication  it  will, 
or  may  be,  necessary  to  give  both  the  "allright,  next  signal  at  stop"  and 
the  "allright  through"  indications.  If  advance  signals  are  not  always 
used  it  may  be  necessary  to  give  the  permissive  indication  in  connection 
with  at  least  two  of  the  speed  indications.  The  non-block  allright  in- 
dication or  indications  may  also  have  to  be  given  for  at  least  one  speed. 

It  is  almost  inevitable,  in  view  of  the  "previous  state  of  the  art," 
that  the  form  of  signal  to  be  adopted  for  giving  these  speed  indications 
for  diverging  routes  should  be  a  mast  with  three  semaphore  arms,  one 
below  the  other,  and  for  each  arm,  most  naturally,  a  single  light  of 
changeable  color.  This  form  of  signal,  once  adopted  and  not  varied 
from  for  this  purpose,  will  necessarily  be  the  point  of  departure  and, 
to  a  great  extent,  the  governing  factor  in  the  development  of  all  the  other 
required  signal  forms  or  aspects.  ^■ 

ISOLATED   DISTANT   SIGNALS. 

To  meet  operating  conditions  of  the  present  day  the  distant  signal 
for  an  interlocking  must  evidently  give  preliminary  allright  indications 
for  at^  least  the  two  principal  allright  speed  indications  of  the  home 
signal;  these  indications  must  be  different  for  the  two  different  speeds; 
and,  while  that  for  the  highest  speed  need  not  necessarily  be  distinguished 
from  the  corresponding  indication  at  the  home,  since  it  places  no  limita- 
tion upon  the  movement  of  a  train,  the  indication  for  allright  at  a 
limited  speed  should  evidently  be  distinguished  as  a  preliminary  indica- 
tion so  that  it  cannot  be  mistaken  for  an  indication  requiring  limited 
speed  at  that  point,  but  will  always  clearly  indicate  that  the  speed  must 
not  exceed  a  certain  limit  when  the  next  signal  is  passed. 

Where  automatic  block  signals  are  used,  the  preliminary  indications 
for  an  interlocking  will  naturally  be  combined  with  the  indications  of 
an  automatic  signal  and  the  indication  for  limited  speed  will  simply  be 
an  addition.  In  the  case  of  an  isolated  distant  signal  there  are  two 
important  questions  to  be  considered:    First — if  the   signal   is  controlled 


80  SIGNALING   AND   INTERLOCKING. 

by  track  circuit  should  it  give  a  stop  indication  when  a  train  is  between 
it  and  the  home — in  fact,  practically  operate  as  an  isolated  automatic 
block  signal?  Second — if  a  distant  signal  does  not  give  a  stop,  or  some 
track-obstructed  indication  when  a  train  is  between  it  and  the  home,  its 
caution  indication  cannot  mean  track  clear;  should  this  indication,  then, 
be  distinguished  from  the  similar  indication  of  other  signals  that  do 
indicate  track  clear? 

The  reasons  for  giving  a  stop  indication  are  that,  if  a  train  is  be- 
tween the  distant  and  home,  any  other  train  approaching  will  have  to 
stop  and  ought  to  have  the  benefit  of  a  correct  signal  indication  rather 
than  either  a  false  indication  of  clear  track  or  even  a  neutral  indication 
having  no  reference  to  the  track;  that;  if  the  distant  signal  is  so 
operated  that  it  can  readily  be  made  to  indicate  whether  or  not  the 
track  is  obstructed,  it  would  be  illogical  not  to  take  advantage  of  this 
capacity,  but,  on  the  contrary,  to  leave  the  way  open  for  the  charge, 
after  the  occurrence  of  a  collision,  that  a  signal  that  might  have  pre- 
vented or  mitigated  the  accident  was  purposely  so  operated  as  to  give  a 
misleading  indication  or  at  least  to  give  no  protection.  An  interlocking 
or  block  station  is  a  definite  point  on  the  road  where  trains  are  likely 
to  be  stopped  occasionally.  It  is  argued  then  that,  on  a  road  not  equipped 
with  block  signals,  it  is  better  to  have  the  distant  signal  for  an  inter- 
locking give  at  least  partial  protection  to  a  train  standing  at  the  home — 
even  though  there  can  be  no  preliminary  warning  for  the  stop  indication 
of  the  distant — than  to  get  no  benefit  at  all  from  the  signal,  in  that  di- 
rection. Where  the  block  system  is  in  use,  a  stop  indication  at  a  distant 
signal  with  a  train  beyond  it  would  be  unobjectionable  if  an  approaching 
train  had  entered  the  block  on  a  permissive  indication,  and  might  be  a 
most  valuable  emergency  warning  if  a  train  had  been  erroneously  ad- 
mitted by  a  clear  signal. 

Opposed  to  the  stop  indication  at  the  distant  signal  is  the  claim  that 
it  is  utterly  illogical  to  provide  a  distant  signal  to  give  prenmmary 
warning  that  a  train  may  be  required  to  stop  at  a  point  beyond,  and 
then  occasionally  require  trains  to  stop  at  the  distant  signal  itself  without 
previous  warning.  This  point  would  have  little  weight,  however,  if 
the  distant  signal  would  infallibly  indicate  clear  track  when  the  track 
was  clear ;  its  stop  indication  would  then  invariably  indicate  a  condition 
that  might  be  expected — in  the  case  of  a  train  moving  permissively — or 
an  emergency. 

The  real  objection  is  based  upon  the  liability  of  the  signal  to  fail 
at  stop  and  so  cause  an  emergency  stop  when  the  track  is  clear.  It 
has  been  suggested  that  the  difficulty  might  be  overcome  by  the  use 
of  a  distinct  track-obstructed  indication  at  the  distant  signal  which, 
like  the  permissive  indication,  would  not  require  a  stop  at  the  signal. 
Little  would  be  gained  by  this,  however,  as,  except  in  particular  situations 
by  day,  where  the  engineman  could  see  that  the  track  was  clear  to,  or 


SIGNALING  AND   INTERLOCKING.  81 

nearly  to,  the  home  signal,  this  indication  would  require  the  same  action 
as  a  stop  indication. 

It  is  difficult  to  determine  what  practice  would  be  right  in  this* 
matter.  Perhaps  the  most  important  argument  in  favor  of  the  stop 
indication  is  that,  in  case  of  a  collision  between  the  distant  and  home, 
the  lack  of  a  stop  indication  that  might  easily  have  been  given  at  the 
distant  might  be  regarded  as  indefensible  and  a  discredit  to  the  signal 
system.  This  argument  may  be  fully  offset  by  the  effect  of  signal  failures 
in  giving  occasionally  unnecessary  stop  indications  of  which  there  would 
be  no  previous  warning. 

CAUTION  INDICATION  OF  DISTANT  SIGNALS. 

Assuming  that  the  stop  indication  is  not  to  be  given  by  distant 
signals,  the  caution  indication,  if  it  is  the  same  as  that  of  other  signals, 
may  give  misleading  information.  Aside  from  emergency  conditions  that 
might  arise  as  the  result  of  a  clear  block  indication  given  in  error,  this 
would  not  be  of  much  importance  expect  in  connection  with  permissive 
blocking,  where  the  ordinary  indication  meaning,  allright  here,  prepare 
to  stop  at  next  signal,  would  conflict  with  the  permissive  indication  given 
at  the  entrance  of  the  block  just  as  would  the  allright  indication  of  a 
non-block  interlocking  signal  if  it  were  not  distinct  from  that  of  a 
block  signal.  When  it  is  considered  that,  for  a  short  block,  the  block 
signal  might  give  a  caution  indication  meaning,  block  clear,  prepare  to 
stop  at  next  signal,  and  that  in  the  next  block,  a  little  longer,  a  distant 
signal  might  present  practically  the  same  aspect  when  the  track  beyond 
it  was  obstructed,  it  is  seen  that  a  hardly  admissible  conflict  of  indications 
would  exist. 

If,  however,  the  distant  signal  were  distinct,  both  day  and  night, 
from  the  manual  block  and  interlocking  signals  in  connection  with 
which  it  is  used,  this  conflict  might  not  be  serious,  as,  so  long  as  it 
could  be  identified  as  a  distant  signal,  it  would  be  evident  that  the  ap- 
parent allright  signification  of  its  caution  indication  could  not  have  any 
force  as  against  the  indications  of  the  block  signal.  A  rather  imperfect 
distinction  would  be  secured  by  following  the  plan  already  under  con- 
sideration of  making  the  distant  signal  identical  with  the  automatic  block 
signal,  although,  where  installations  of  manual  and  automatic  block  signals 
join,  it  is  not  impossible  that  confusion  might  result  from  the  difference 
in  the  meanings  of  the  same  aspect.  On  the  whole,  a  distinct  aspect  for 
the  caution  indication  of  the  distant  signal  seems  desirable,  in  strict  con- 
sistency, but  can  no  doubt  be  dispensed  with  if  the  difficulty  of  providing 
it  is  very  great. 

In  connection  with  distant  signals  not  controlled  by  track  circuit 
an  even  greater  inconsistency  is  possible.  The  clear  indications  of  a 
controlled  distant  signal  will  indicate  to  a  train  moving  through  the  block 
permissively  that  the  preceding  train  is  out  of  the  block  and  the  track 
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from  the  distant  to  the  home  is  clear;  the  same  indications  may  be  given 
by  a  signal  not  controlled  by  track  circuit,  when  the  block  is  not  clear. 
If  both  kinds  of  signals  were  to  be  used,  as  at  present,  on  the  same 
division,  or  even  with  one  kind  on  one  division  and  the  other  on  another 
where  engine  crews  run  through,  there  would  be  a  very  good  chance 
for  a  misunderstanding.  Thus  there  seems  to  be  a  demand  for  two  more 
distinctive  aspects,  which  it  may  be  impossible  to  supply. 

Strictly,  the  distant  signal  for  *  non-block  interlocking  should  be 
different  from  a  block  distant  signal,  so  as  not  to  give  wrong  information 
that  would  have  to  be  corrected  by  the  aspect  of  the  home.  The  distant 
switch  signal  should  doubtless  be  different  from  all  other  signals.  As 
already  remarked,  /there  is  some  reason  why  a  permissive  indication  should 
be  given  at  the  distant. 

In  view  of  all  that  has  been  said  it  is  evident  that,  where  automatic 
block  signals  are  arranged  for  long  blocks  with  separate  home  and 
distant  signals,  the  caution  indication  of  the  distant  will  be  particularly 
misleading  unless  the  aspect  is  different  from  that  of  a  signal  that  corn- 
bines  the  functions  of  a  home  and  distant,  possibly  on  another  part  of  the 
same  division. 

ISOLATED  AUTOMATIC   SIGNALS. 

It  is  an  interesting  question  whether  isolated  automatic  signals  for 
stations  and  bad  curves  should  be  installed  without  distant  signals ; 
whether,  if  they  are  so  installed,  trains  should  be  so  run  that  they  can 
stop  at  any  signal  if  it  indicates  obstructed  track,  or  should  be  allowed 
to  overrun ;  and  whether,  if  the  latter  practice  should  prevail,  a  track- 
obstructed  indication,  distinct  from  any  stop  indication,  should  be  given 
by  such  signals.  If  these  signals  are  to  be  erected  in  manual  blocks,  it 
is  evident  that  the  allright  indication  should  be  different  from  that  of 
the  manual  block  signal.  It  is,  of  course,  common  practice  to  install 
manual  block  signals  without  distant  signals,  but  it  is  not  unlikely  that 
this  practice  will  have  to  be  discountenanced;  if  this  should  be  the 
case,  the  installation  of  isolated  automatic  signals  without  distants  could 
hardly  be  approved.  Nevertheless,  it  is  to  be  noted  that  they  would 
practically  be  in  the  same  class  with  isolated  distant  signals  arranged 
to  indicate  stop  when  passed  by  trains,  and  the  decision  reached  as  to 
one  ought  to  apply  to  the  other. 

ADDITIONAL   INDICATIONS. 

In  addition  to  the  principal  signal  indications  required  on  block- 
signaled  roads,  already  considered,  indications  are  required  for  instruc- 
tion to  take  siding  at  a  point  beyond,  block  station  closed,  and  train  orders 
or  possibly  separate  indications  to  call  attention  to  19  and  31  orders ; 
also  on  roads  not  block  signaled,  a  train-order  signal  is  required. 

The    take-siding    indication    gives    very    specific    instructions    to    the 
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trainmen  as  to  something  to  be  done  farther  on ;  it  must  evidently  be 
distinct  from  any  other  indication.  It  must  be  given  in  combination 
with  the  block-clear  and  permissive  indications. 

The  indication  for  block  station  closed  must  be  distinct  both  day 
and  night,  and  must  be  such  that  it  cannot  be  mistaken  for  a  clear-block 
indication. 

TRAIN-ORDER   INDICATIONS. 

The  train-order  indication,  to  be  used  on  block-signaled  roads,  might 
be  giverii  at  the  home  block  signal,  at  the  block  station  or  at  the  advance 
signal,  if  this  is  not  far  beyond  the  station.  In  the  first  case  the  aspect 
need  not  be  quite  as  conspicuous  as  the  regular  signal  aspects,  as  the 
stop  indication  of  the  home  signal  would  be  used  in  connection  with  it. 
For  19  orders  the  home  signal  could  be  changed  to  the  clear,  or  per- 
missive, indication  after  the  train-order  indication  had  been  acknowledged 
by  whistle  signal;  for  31  orders  it  is  a  question  whether  it  would  be 
good  practice  to  clear  the  home  signal  unless  either  there  were  an 
advance  signal  to  hold  the  train  or  a  hand  signal  at  the  station  were 
used  for  that  purpose. 

Train-order  indications,  if  given  at  the  station  by  devices  that  could 
be  classed  as  fixed  signals  and  at  points  where  the  home  signals  were 
some  distance  in  the  rear  of  the  station,  would  need  to  be  conspicuous 
and  distinct  from  other  indications  and  when  displayed  would  require 
the  caution  indication  at  the  home  signal. 

The  display  of  the  train-order  indication  on  an  advance,  or  home 
signal  a  short  distance  beyond  the  station,  would  simplify  matters,  as  the 
signal  could  be  held  at  stop  for  31  orders. 

The  train-order  signal  for  roads  not  block-signaled  would  have  to 
give  a  stop-and-stay  indication,  which  trains  might  have  to  pass  in 
order  to  reach  the  station  platform.  A  separate  indication  for  19  orders 
would  be  an  unnecessary  complication,  as  the  stop  indication  could 
be  changed  to  clear  after  it  had  been  acknowledged.  Theoretically  the 
clear  indication  of  a  train-order  signal  ought  to  be  different  from  that 
of  a  block  signal  and  perhaps  also  from  that  of  a  non-block  interlocking 
signal.  But  there  is  some  doubt  about  the  wisdom  of  using  exactly  the 
same  aspect  as  that  of  a  switch  signal  for  switch  closed,  which  might 
suggest  itself,  as  an  engineman,  in  approaching  a  station  on  a  curve  or  in 
a  fog,  might  mistake  a  switch  signal  for  a  train-order  signal. 

SIGNS   OR  FIXED   INDICATORS. 

These  are  required  for  Stop,  Prepare  to  Stop,  Reduce  Speed,  Resume 
Speed,  and  Track  Tank,  both  day  and  night ;  there  is  some  question 
whether  a  yard-limit  sign  requires  a  night  aspect.  In  addition  the  flag- 
Statiort  signal  must  be  provided ;  and,  finally,  switch  lights  on  sidings  and 
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in  yards  must  be  considered  with  a  view  to  having  them  in  harmony 
with  the  night  aspects  of  other  signals. 

The  stop  sign  must,  of  course,  be  passed  after  a  stop  has  been  made 
and  it  is  seen  that  the  track  is  clear.  It  has  something  in  common  with 
the  open-switch  indication  of  a  home  switch  signal,  but  differs  in  that, 
if  a  switch  is  wrong,  a  trainman  must  set  it  right  and  thus  remove  the 
stop  indication  before  the  train  can  proceed  on  the  main  track;  on  the 
other  hand,  while  the  switch  signal  may  be  passed  without  a  stop,  the 
stop  sign  should  presumably  require  every  train  to  stop.  If,  then,  the 
aspects  are  the  same,  it  must  be  assumed  that  enginemen  will  always 
know  by  location  just  what  the  indication  is  and  will  not  be  misled  into 
omitting  a  required  stop. 

There  is  apparently  no  reason  why  the  prepare-to-stop  sign  should 
not  have  the  same  aspect  as  the  distant  switch  signal. 

Since  the  reduce-speed  and  the  resume-speed  signs  will  not  always 
be  permanent  fixtures  but  will  be  used  temporarily  at  various  places,  it 
is  particularly  important  that  their  aspects  should  be  distinct  from  all 
others. 

There  is  some  question  whether  distinct  signs  for  the  entrance  and 
exit  ends  of  track  tanks  are  necessary.  In  view  of  present  practice  it 
would  seem  that  the  same  sign  for  both  ends  should  be  sufficient.  The 
aspect  or  aspects  should,  however,  be  different  from  that  of  any  signal,  as 
such  signs  and  signals  may  come  near  together  and  might  then  be  con- 
fused. 

It  is  believed  to  be  common  practice  to  provide  no  night  indication 
for  yard  limits.  If  a  night  indication  is  regarded  as  necessary,  the  aspect 
should  evidently  be  distinct ;  to  make  it  the  same  as  that  of  a  slow  sign 
would  not  be  consistent,  as,  under  the  standard  train  rules,  it  is  not 
necessary  that  trains  of  all  classes  should  proceed  prepared  to  stop 
(Rule  93). 

The  aspect  of  a  flag-station  signal  indicating  no  passengers  must 
be  such  as  not  to  be  easily  confused  with  other  signals  near  at  hand. 
The  suggestion  to  have  no  light  shown  when  there  are  passengers  seems 
to  be  a  good  one. 

SUMMARY. 

The  indications  that  it  is  necessary  to  give,  or  may  be  desirable  to  give, 
at  each  of  several  kinds  of  signals,  as  brought  out  in  this  paper,  are 
summarized  below.  The  position  has  been  taken  that  it  would  not  be 
advisable  to  attempt  to  provide  separate  indications  and  aspects  to  give 
trains  the  right  to  proceed  regardless  of  superior  following  trains  and 
to  proceed  regardless  of  opposing  trains ;  the  conferring  of  right  to 
proceed  would  be  an  added  function,  given  by  rule  or  general  order,  to 
indications  which,  primarily,  would  mean  merely  the  absence  of  certain 
conditions  requiring  a  stop.     Since  such  movement  of  trains  entirely  by 
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signal  is  not,  and  may  not  be,  universal,  it  seems  desirable  to  emphasize 
the  most  limited  significations  of  the  "proceed"  indications.  A  phrase 
that  might  serve  the  purpose  is,  "Allright  to  pass  signal;"  but,  for  the 
sake  of  brevity,  the  word  "Allright,"  with  the  addition  of  the  necessary 
words  to  characterize  each  indication,  have  been  used  in  the  summary. 

INDICATIONS    TO   BE   GIVEN    BY    HOME    SIGNAL  AT   AN    INTERLOCKING   WHICH    IS 
NOT  A  BLOCK   STATION. 

Stop  and  stay  (absolute  stop). 

Allright  on  unlimited  speed  route,  prepare  to  stop  at  next  signal. 

Allright  on  unlimited  speed  route,  prepare  to  pass  next  signal  at  lim- 
ited speed. 

Allright  on  limited  speed  route,  prepare  to  stop  at  next  signal. 

Allright  for  low  speed. 

Allright  for  unlimited  speed,  next  signal  allright  for  unlimited  speed, 

Allright  for  limited  speed,  next  signal  allright  for  unlimited  speed. 

Allright  for  low  speed,  next  signal  allright. 

Additional  indications  to  be  combined  with  some  of  the  preceding: 
19  Orders. 
31  Orders. 

BY   HOME   SIGNAL  AT   AN   INTERLOCKING   WHICH   IS   A  BLOCK   STATIOfF, 

Stop  and  stay  (absolute  stop). 

Allright  on  unlimited    speed    route,    block    not    clear    (permissive    in- 
dication where  advance  signals  are  not  used). 

Allright  on  limited   speed   route,  block  not  clear    (permissive   indica- 
tion where  advance  signals  are  not  used). 

Allright  on  unlimited  speed  route,  block  clear,  prepare  to  stop  at  next 
signal. 

Allright  on  unlimited  speed  route,  block  clear,   prepare    to    pass   next 
signal  at  limited  speed. 

Allright  on  limited  speed  route,  block  clear,  prepare  to  stop  at  next 
signal. 

Allright  for  low  speed. 

Allright  for  unlimited  speed,  block  clear,  next  signal  allright  for  un- 
limited speed. 

Allright  for  limited    speed,   block  clear,   next   signal   allright   for   un- 
limited speed. 

Allright  for  low  speed,  next  signal  allright. 

Additional  indif  gtions  to  be  combined  with  some  of  the  preceding : 
19  Orders, 
31  Orders. 
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BY   HOME  SIGNAL  AT  MANUAL  BLOCK   STATION. 

Stop  and  stay   (absolute  stop). 

Possibly    required — stop    and    stay,    signal    may   be   passed    for    short 

distance. 
Allright  (to  pass  signal),  block  not  clear. 
Allright,  block  clear,  prepare  to  stop  at  next  signal. 
Allright,  block  clear,  prepare  to  pass  next  signal  at  limited  speed. 
Allright,  block  clear,  next  signal  allright  for  unlimited  speed. 
Block  station  closed. 
Additional  indications  to  be  combined  with  some  of  the  preceding: 

19  Orders. 

31  Orders. 

Take  siding. 

BY   AUTOMATIC  BLOCK   HOME  SIGNAL. 

Stop  and  proceed  carefully  through  block  (permissive  stop). 
Allright,  block  clear,  prepare  to  stop  at  next  signal. 
Allright,  block  clear,  prepare  to  pass  next  signal  at  limited  speed. 
Allright,  block  clear,  next  signal  allright  for  unlimited  speed. 

BY   DISTANT   SIGNAL. 

Prepare  to  stop  at  next  interlocking  or  block  signal. 

Next  signal  may  be  passed  at  unlimited  speed. 

Prepare  to  pass  next  signal  at  limited  speed. 

Possibly    required — Next    signal    may   be   passed   on   unlimited    speed 

route,  block  not  clear  beyond  next  signal. 

Next  signal  may  be  passed  on  limited  speed  route,  block  not 

clear  beyond  next  signal. 
The  distant  signal  may  also  be  required  to  give  the  permissive  stop 

indication,  and  in  this  case  its  other  indications  will  include  clear 

track  from  the  distant  to  the  home. 

BY   HOME  SWITCH   SIGNAL. 

Switch  open,  stop  if  necessary. 
Allright,  switch  closed. 

BY  DISTANT   SWITCH   SIGNAL. 

Prepare  to  stop  at  next  switch. 
Switch  or  switches  ahead  allright. 

BY  TRAIN  ORDER   SIGNAL. 

Stop  and  stay   (absolute  stop). 

Possibly   required — Stop   and   stay,    signal   may   be   passed   for   short 
distance. 

*Jo  orders. 


DISCUSSION. 

The  President : — The  next  report  to  be  considered  at  this  session 
is  the  report  of  the  Committee  on  Signaling  and  Interlocking,  Mr. 
A.  H.  Rudd,  chairman.  The  Committee  will  please  come  lo  the 
platform. 

Members  of  the  Railway  Signal  Association  who  are  not  mem- 
bers of  this  body  are  extended  the  privileges  of  the  floor  during  this 
discussion,  and  we  trust  they  will  take  the  opportunity  of  giving  us 
the  benefit  of  their  views.  The  Chair  would  also  extend  to  operating 
officials  who  are  not  members  of  this  body  a  cordial  invitation  to 
participate  in  this  discussion. 

The  chairman  of  the  Committee  on  Signaling  and  Interlocking  will 
make  a  preliminary  statement  of  the   report  of  the  Committee. 

Mr.  A.  H.  Rudd  (Pennsylvania  Railroad)  : — The  Committee  wishes 
to  substitute  for  the  conclusions  printed  on  page  21,  of  Bulletin  94, 
the  following : 

"First — That  the  requisite  indications,  Exhibit  No.  i,  are  adequate; 
permit  of  a  uniform  system  of  signaling;  are  not  in  conflict  with  exist- 
ing systems  and  are  recommended  to  the  American  Railway  Association 
for    approval. 

"Second — That  the  requisites  of  installation  as  set  forth  are  prac- 
ticable; form  an  adequate  and  proper  basis  for  the  design  of  a  system 
of  aspects  by  which  the  requisite  indications  may  be  displayed;  provide 
an  excellent  means  for  attaining  a  uniform, ,  universal  system  of  sig- 
naling; and  are  therefore  endorsed  by  this  Association  and  submitted 
to  the  American  Railway  Association  for  such  action  as  may  be  neces- 
sary to  enable  roads  desiring  to  use  them  to  do  so  with  the  approval 
of  that  Association." 

I  would  like  to  state  further  that  this  report  was  submitted  by 
letter-ballot  to  the  members  of  the  Railway  Signal  Association,  except 
that  the  requisite  indication  No.  4,  shown  in  the  table  on  page  12, 
was  omitted,  and  that  the  report  was  adopted  by  the  Railway  Signal 
Association,  by  a  vote  of  257  to  87.  The  vote  necessary  for  adoption 
was  two-thirds,  or  229. 

The  report  to  the  Railway  Signal  Association  is  included  in  this 
report.  The  reports  are  practically  identical.  The  requisite  indications 
suggested  and  the  requisites  of  installation  arc  based  largely  on  former 
actions  of  this  Association. 

The    President :— The    Secretary    will    read    so    much    of    the    report 
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of  the  Committee  as  printed  as  begins  with  the  second  paragraph  on 
page  ID,  "A  Method  of  Uniform  Signaling."  When  the  report  has  been 
read  and  discussed,  the  amended  conclusions  offered  by  the  chairman 
will  be  in  order. 

(The   Secretary  read  the  matter  indicated.) 

The  President: — On  page  12  is  a  table,  which  refers  to  the  final 
paragraph  just  read  by  the  Secretary,  and  the  Secretary  will  now  read 
this  table. 

(The  Secretary  read  the  table.) 

The  President: — The  Secretary  will  read  the  paragraphs  on  page 
14,  under  the  heading  "Automatic  Block  System — Requisites  of  Installa- 
tion." 

(The   Secretary   read  the   matter   indicated.) 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  will  ask  the  Com- 
mittee if  they  will  not  give  us  a  little  light  on  the  paragraph  marked 
X — "A  distinctive  position  of  the  arm  for  the  caution  approach  indica- 
tion."   I  do  not  know  exactly  what  it  means. 

Mr.  Rudd : — The  proposition  is  simply  the  use  of  an  arm  in  the 
45  degree  position,  for  the  distant  signal,  instead  of,  as  at  present, 
using  a  distant  signal  with  the  fish-tail  arm,  the  arm  being  horizontal 
for  caution,  which  is  the  same  position  of  the  arm  as  the  stop  indication 
for  the  home  signal.  The  proposition  is  to  make  the  arm  distinctive 
by  position  instead  of  by  form,  simply  because  it  is  the  sensible  thing 
to  do. 

(The   Secretary   then  continued   reading   the   report.) 

Mr.  Ewing: — I  suppose  discussion  on  all  these  paragraphs  is  in 
order  as  we  go  along.  I  intended  to  refer  to  the  requisites  of  automatic 
block  system.  I  do  not  see  anything  in  here  that  will  permit  a  disc 
signal.  Everything  refers  to  position.  Has  the  Committee  covered  that 
in  any  other  way? 

Mr.  Rudd : — This  report  does  pertain  entirely  to  semaphore  signals. 
The  matter  of  disc  signals,  which  was  referred  to  the  Committee,  has 
not  been  worked  out  as  to  the  simplest  scheme  that  can  be  employed. 
All  these  indications  can  be  provided  by  disc  signals,  of  course,  but 
not  under  these  requisites  of  installation.  The  idea  is  to  get  a  uniform 
system.  That  is  the  basis  of  this  report.  You  cannot  get  a  uniform 
system  by  using  semaphores  in  one  place  and  disc  signals  in  another 
and  mixing  them  up.  The  sentiment  in  favor  of  the  semaphore  is  so 
widespread  in  this  country  as  against  the  disc,  that  it  was  felt  in 
making  a  basis  for  a  uniform  system,  the  semaphore  should  be  used. 
The  requisite  indications  can  all  be  given  with  the  disc  signals,  in 
fact,  on  the  Chicago  &  Northwestern  nearly  all  of  them  are  given  to-day. 
That  is  probably  the  most  completely  and  consistently  signaled  road 
where  discs  are  used — that  and  the  Reading;  but  it  was  felt  by  the 
Committee,  instead  of  recommending  a  system  for  disc  signals  and  one 
for    semaphore    signals,    that   it    would    first    recommend    the    requisites 
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of  installation  for  semaphores,  with  the  idea  that  they  would  become 
the  basis  for  a  uniform   sj^stem. 

Mr.  Ewing: — I  do  not  doubt  that  perhaps  the  Committee  is  right 
in  their  views,  and  yet  if  this  passes,  the  Association  is  on  record 
that  the  requisites  of  installation  for  automatic  block  signaling  are 
distinctly  semaphore  signals.  Now,  I  do  not  believe  we  want  to  take 
such  a  position  as  that.  A  great  many  of  us  have  disc  signals,  and 
there  is  a  difference  of  opinion  amongst  some  railroad  men  as  to 
whether  disc  signals,  or  a  form  of  signals  of  that  kind,  should  not  be 
used  for  automatic  indications.  iFurthermore,  I  do  not  think  we  should 
say,  as  an  Association,  that  the  roads  that  are  using  disc  signals  are 
not  in  accordance  with  good  practice,  and  yet  the  adoption  of  these 
requisites  of  installation  would  distinctly  say,  in  meaning,  that  disc 
signals  are  not  approved  good  practice.  I  do  not  think  we  want  to 
go  that  far. 

Mr.  Rudd : — I  do  not  think  we  do  go  that  far.  I  read,  before  we 
started  the  report,  the  conclusions  which  we  desire  substituted  for  the 
conclusions  printed  in  the  report  of  the  Committee,  and  if  you  can 
find  anything  in  them  that  discredits  present  practice,  you  will  find 
more  than  the  Committee  has  found,  because  we  have  tried  not  to 
discredit  present  practice.  As  I  understand  the  proposition,  when  the 
power  brake  was  adopted  it  was  adopted  because  it  was  better  than 
the  hand  brake,  but  the  hand  brakes  were  not  all  thrown  out  of  service 
at  once — it  was  a  long  time  before  their  use  was  discontinued.  The 
hope  of  the  Committee  is,  if  this  report  is  adopted,  that  its  recommenda- 
tions will  be  used  for  new  work  and  for  renewals.  This  system  can  be 
put  in  anywhere  with  old  systems,  without  serious  confusion,  without 
dangerous  confusion,  and  gradually  a  uniform  system  could  be  built  up. 
However,  if  we  are  not  going  to  make  any  improvements,  because  we 
may  discredit  something  that  is  being  done  now,  or  which  was  formerly 
done,  the  art  will  be  pretty  nearly  at  a  standstill. 

Mr.  Ewing: — I  am  entirely  in  accord  with  what  Mr.  Rudd  has 
said  as  to  the  conclusions  of  the  Committee,  and  I  think  they  cover 
the  matter  very  thoroughly  and  are  very  much  'improved  over  the 
conclusions  as  printed  in  the  report.  I  am  perfectly  willing  to  endorse 
these  conclusions,  but  I  would  like  to  ask  if  these  conclusions  had 
formed  part  of  the  recommendations  for  requisite  installation,  whether 
the  reading  of  quite  a  number  of  these  paragraphs  would  not  have 
been  changed?  As  I  read  the  paragraphs  covering  the  requisites  they 
are  positive,  one  type  of  signal  only  is  necessary,  and  no  other  type 
can  be  used  and  still  come  within  the  meaning  of  the  recommendations 
of  the  Committee. 

At  the  end  of  the  report  they  go  along  and  say  they  do  not  dis- 
credit present  practice,  but  in  the  body  of  the  report  they  practically 
say  they  do  discredit  present  practice.  That  is  the  way  I  read  it.  Now, 
I   may  be  wrong  in  that,  but  if  I   am,   I   will   not   say   anything  more 
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about  it ;  it  is   a  point  I  wanted  to  bring  up,   as  it  seems  to  me  to  be 
a  very  important  point,  and  one  that  should  be  considered. 

Mr.  Rudd : — It  is  simply  a  question  how  much  you  are  going  to 
discredit  present  practice  every  time  you  make  an  improvement.  This 
Association  some  time  ago  adopted  a  universal  casting — that  did  not 
mean  that  all  the  other  castings  in  this  country  had  to  be  thrown  away, 
did  not  mean  they  were  all  wrong,  but  it  meant  that  the  new  casting 
was  something  better  than  we  had  before.  We  believe  this  report  is 
along  the  same  lines. 

Mr.  Rhea: — I  would  like  to  call  Mr.  Ewing's  attention  to  the  word- 
ing of  the  American  Railway  Association  Standard  Code.  I  do  not 
think,  we  discredit  disc  signaling  any  more  in  our  proposed  requisites 
of  installation  than  they  do.  In  other  words,  I  think  the  American 
Railway  Association's  Standard  Code  is  to-day  the  most  comprehensive 
exposition  of  generally  prevailing  practice  that  you  can  possibly  get,  and 
their  requisite  No.  4  of  Requisites  of  Installation  for  Automatic  Block 
Signals  says,  "Semaphore  arms  that  govern,  displayed  to  the  right  of 
the  signal  mast  as  seen  from  an  approaching  train."  Now,  directly  the 
word  disc  is  not  used  in  the  wording  of  the  Standard  Code's  Requisites 
for  Automatic  Signals.  It  is,  however,  referred  to  in  a  footnote.  It 
is  also  used  in  the  rules,  but  we  have  formulated  no  rules  as  yet. 
Therefore,  we  think  that  we  have  not  discredited  the  disc  signal  any 
more  than  the   Standard   Code  as   it   is   now  published. 

As  to  this  proposed  practice,  our  recommendations  are  positive,  if 
you  have  a  uniform  system  of  signals.  We  do  not  say  that  you  must 
have  a  uniform  system  of  signals  and  we  do  not  say  that  you  have  a 
discredited  system  of  signals,  if  you  do  not  have  what  we  recommend 
as  a  uniform  system  of  signals ;  but  if  you  are  going  to  have  this 
uniform  system  of  signals,  then  you  must  comply  with  these  requisites 
which  we  have  formulated  for  use  in  applying  your  installation.  We 
do  not  say  that  you  cannot  use  a  disc  signal  and  be  within  the  pale 
of  good  practice,  but  we  do  say  that  if  you  are  going  to  use  this  uniform 
system  of  signals,  then  you  will  have  to  do  as  we  have  prescribed  by 
these  requisites. 

The  President : — If  there  is  no  further  discussion,  the  Secretary 
will  proceed  to  read. 

(The  Secretary  then  continued  to  read  the  report  of  the  Committee 
to  and  including  paragraph   11,  page   15.) 

Mr.  Ewing: — Mr.  Chairman,  do  I  understand  that  it  is  the  sense 
of  the  Committee  that  detector  bars,  or  their  equivalent,  are  not  neces- 
sary for  other  switches  at  interlocking  plants? 

Mr.  Rudd : — Mr.  Chairman,  we  did  not  tinker  with  the  Code  any 
more  than  we  had  to.  This  is  the  Standard  Code,  without  change,  and 
we  left  it  as  it  was  because  we  did  not  wish  to  suggest  any  changes 
except    those    that    properly    pertained    to    the    subject,    that    we    are    at 
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present  dealing  with.     Of  course,  there  should  be  bars,  or  their  equiva- 
lent, on  all  switches.    That   revision   will  come  later,  perhaps. 

(The  Secretary  continued  to  read  the  report  to  and  including  para- 
graph 15,  on  page  16.) 

Mr.  Ewing: — I  would  like  to  ask  the  Committee  as  to  the  adequate 
approach  indications  for  all  high-speed  signals,  just  what  that  contem- 
plates. At  a  junction  on  a  four-track  railroad,  where  there  are  several 
routes,  some  of  them  high  speed,  and  there  might  be  one  or  more 
restricted  speeds,  what  does  the  adequate  approach  indication  for  all 
high-speed  routes  mean,  in  a  case  of  that  kind? 

Mr.  Rudd : — Adequate  approach  indication  would  mean  distant  sig- 
nals for  high-speed  signals,  and  under  these  requisites  of  installation 
the  interlocking  signal  would  have  the  high  and  medium  speed  arms,  and 
the  low-speed  arm.  There  would  be  two  distant  arms,  the  top  arm 
governing  the  unrestricted  speed,  the  second  arm  governing  all  the 
medium   speeds. 

Mr.  Ewing: — As  I  understand  it,  this  method  contemplates  one 
blade  for  all  high-speed  routes ;  one  distant  signal  would  also  give  one 
distant  indication  for  that  high-speed  route.  There  is  no  mdication,  so 
far  as  the  engineman  is  concerned,  what  route  he  is  going  to  take. 

Mr.  Rudd: — If  there  are  two  diverging  routes,  of  equal  speed, 
forty  miles  an  hour,  the  second  arm  will  govern  both  diverging  routes. 
He  would  get  no  indication  of  route  in  that  case,  any  more  than  when 
he  comes  to  a  terminal  with  eighteen  different  ways  of  going  from  one 
signal  to  another.  He  gets  an  indication  that  he  can  proceed  at  a 
certain  rate  of  speed.  That  is  all  he  needs.  If  there  are  two  unlimited 
speed  routes,  which  is  possible,  the  top  arm  governs  both  those;  the 
second  arm,  clear  to  any  route  to  be  taken  at  forty  miles  an  hour,  and 
the  low  arm,  to  routes  that  must  be  taken  at  low  speed.  In  the  ordi- 
nary double-track  railroad  operation,  the  top  arm  governs  the  straight 
track  throughout  and  the  second  arm  to  the  passing  siding,  if  there 
were  number  15  frogs  leading  into  it.  With  a  four-track  road  the  top 
arm  takes  the  straight  track  and  the  second  arm  to  the  second  track,  so 
that  there  are  only  two  routes  there.  With  a  six-track  road  it  is  a 
little  different,  and  with  eight,  of  course,  the  second  arm  governs  to 
several  routes.  It  is  a  question  of  speed  absolutely,  on  a  clear  track ; 
that  is,  the  enginemen  want  to  know  how  fast  they  can  go.  That  is 
all  that  is  necessary.  They  must  know  whether  to  stop  or  whether  to 
go  ahead,  and,  if  so,  how  fast. 

Mr.  Ewing: — Is  it  not  a  fact  that  here  lies  the  real  difference 
between  this  system  of  signaling  and  the  old  system?  In  the  old  sys- 
tem an  engineman  is  given  a  route  signal,  perhaps.  In  this  system  he 
is  not  given  a  route  signal,  but  he  is  given  a  signal  for  a  route  that 
is  picked  out  for  him  by  the  towerman.  The  engineer  does  not  know 
where  he  is  going  to  go  until  after  he  gets  in  on  that  route.  Perhaps 
he  has  found  that  he  has  made  a  mistake,  has  gone   in  on  the   wrong 
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route  and  has  got  to  back  up  and  take  the  other  one.  It  seems  to  me 
that  this  is  very  important,  and  we  ought  to  bring  out  some  discussion 
on  these  lines  right  here.  I  want  to  learn  a  whole  lot  about  it,  and 
I  do  not  know  as  much  as  I  ought  to  know.  The  question  is  comnig 
right  up  to  us  on  the  installation  of  a  system  of  signals  for  a  four 
and  a  five-track  railroad  in  the  city  of  Philadelphia,  on  an  elevated 
structure  which  we  are  now  working  on,  and  I  would  like  to  have 
the  whole  facts  in  this  matter  brought  out,  as  to  just  why  and  where- 
fore and  what  difficulties  we  are  going  to  run  up  against  in  the  new 
system,   and    what   the   particular    advantages    are    over    the    old    system. 

Mr.  Rudd:— This  is  not  the  most  radical  difference  between  this 
scheme  and  the  other  schemes.  The  difference  is  more  apparent  than 
real.  As  Mr,  Ewing  states,  under  the  present  system  the  engineer 
gets  a  route  signal,  perhaps.  Take  the  present  system,  with  a  two-arm 
signal,  that  is  speed  signaling.  Your  top  arm  gives  you  your  straight 
track,  your  second  arm  means  reduced  speed.  It  tells  the  engineman 
he  is  to  diverge  to  certain  routes,  and  it  means  reduced  speed.  Really, 
we  are  using  speed  signaling  very  largely  to-day,  because  you  tell  the 
engineman  he  has  to  take  a  certain  route;  in  addition  to  that  you  tell 
him  by  an  order  that  he  must  reduce  speed  when  he  takes  that  route, 
and  you  come  pretty  nearly  giving  him  speed  signaling,  only  you  have 
gone  way  around  through  the  back  yard  to  do  it.  This  proposition  is 
simply  to  show  the  variation  on  the  signal  itself.  The  Maintenance  of 
Way  Association,  in  the  Manual  of  1907,  requires,  first,  that  "high- 
speed movements  be  governed  by  high  signals,  and  low-speed  movements 
be  governed  by  low  signals;  (2)  that  only  two  high-speed  signals  be 
displayed  on  one  mast,  the  top  arm  to  govern  the  unrestricted  speed 
and  the  lower  arm  to  govern  all  other  high  speeds;  (3)  that  all  low- 
speed  movements  be  governed  by  one-arm  low  signals  of  dwarf  con- 
struction; (4)  that  a  distant  signal  be  provided  for  each  high-speed 
route."  You  will  find  that  this  report  has  been  pretty  nearly  adopted 
by  this  Association.  We  have  only  been  polishing  off  a  few  rough 
edges. 

Mr.  Rhea: — I  would  like  to  say  that  Mr.  Ewing  has  touched  upon 
one  of  the  basic  principles  of  this  whole  question.  Permit  me  to  retro- 
gress a  little  and  go  back  to  page  10,  which  refers  to  the  proposed  bases 
of  our  possible  systems.  This  question  he  has  asked  involves  the 
basis  of  this  whole  proposed  system.  We  have  said  that  there  are  at 
least  two  possible  bases  for  systems  of  signals;  one  is  that  in  which 
"the  signals  should  indicate  to  the  engineman  what  is  required  of  him 
in  the  control  of  his  train,  and  also  the  reason  for  the  required  action." 
If  we  take  Mr.  Ewing's  line  of  reasoning,  we  will  make  that  our  basis. 
In  other  words,  that  principle  will  govern  us  in  making  up  a  system 
of  signals.  We  will  not  only  tell  the  engineman  what  action  he  will 
take,  and  I  will  here  assert  that  there  is  no  system  of  practical  signal- 
ing with  which   we  can   run  a  modern   railroad  to-day  that  we  can   do 
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anything  else  than  tell  the  engineman  what  action  he  must  take,  because 
that  is  the  prime  necessity  for  signals,  to  tell  your  engineman  what  to 
do.  Are  we  going  to  go  further  and  tell  him  why  and  what  and  so 
on  as  to  this  required  action,  and  is  it  possible  that  our  engineman 
will  know  what  we  are  trying  to  tell  him  if  we  undertake  any  such  a 
task,  and  will  it  be  possible  for  us  to  accomplish  that  task  in  a  practical 
manner  if  we  set  out  to  do  it?  The  second  proposition  is  that  "the 
engineman  needs  to  know  only  what  is  required  of  him  in  the  control 
of  his  train."  This  is  fundamentally  the  basis  of  any  practical  working 
system.  Therefore,  in  our  conclusion,  page  ir,  second  paragraph,  "that, 
in  a  system  of  signal  indications,  the  aspects  should  primarily  serve  to 
indicate  what  is  required  of  the  engineman  in  the  control  of  his  train, 
and,  secondarily,  should  provide  for  the  giving  of  certain  additional 
useful  information,  limited  by  the  reasonable  practicability  of  displaying 
the  necessary  aspects  and  the  added  burden  upon  the  engineman"? 
memory  that  will  result  from  the  use  of  many  aspects."  As  a  practical 
result,  we  really  have  in  every-day  practice  at  the  present  time  speed 
and  route  signaling  combined.  These  recommendations,  carried  out  in 
practical  applications,  actually  happen  to  be  pretty  nearly  the  same, 
because  to  almost  a  conclusion  we  will  only  have  one  unlimited  high- 
speed route.  This  is  on  account  of  a  track  condition,  and  not  from  a 
signaling  standpoint,  and  it  happens  that  it  is  so  for  a  physical  reason. 
In  other  words,  it  is  pretty  difficult  to  so  construct  track  that  you 
will  have  two  unlimited  high-speed  movements  at  the  same  interlockmg 
plant  governed  by  one  signal.  It  may  be  possible,  but  it  will  be  a 
rare  exception  indeed.  It  is  possible,  however,  to  have  one,  two  or 
possibly  a  dozen  limited  speed  movements,  and  if  you  undertake  to  tell 
your  engineman  "why"  with  such  conditions,  I  think  it  is  admittedly 
apparent  on  the  face  of  it  that  you  will  fail  wholly  in  doing  so.  I 
think  that  our  present  practice  of  signaling,  if  analyzed  by  riding  with 
your  engineman,  will  fully  confirm  that  statement  and  this,  that  your 
engineman  to-day,  where  route  signaling  is  used,  knows  his  usual  move- 
ment, but  if  you  give  him  an  unusual  movement  he  goes  slowly  and 
feels  his  way.  That  is  the  practical  result  of  route  signaling;  in  other 
words,  two-speed  signaling.  To-day  we  are  burdening  our  enginemen 
on  a  great  many  of  our  railroads,  by  using  somewhere,  say,  from  No. 
6  to  No.  20  turnouts  or  even  higher,  and  the  low  arm  of  a  two-arm 
signal  governing  the  whole  outfit  of  diverging  routes.  You  put  in  high- 
speed turnouts,  but  you  do  not  provide  safe  means  of  using  them.  Our 
proposal  is  that  for  practical  purposes  you  can  tell  your  engineman 
how  fast  he  should  go,  and  in  quite  a  lot  of  places  he  will  know  where 
he  is  going,  because  he  will  probably  only  have  one  or  two  limited 
high-speed  movements,  and  this  is  about  all  he  can  remember  in  route 
signaling;  but  there  are  going  to  be  innumerable  places  where  he  will 
have  a  great  many  routes  to  remember,  and  route  signaling  carried  to 
anything   like   a   logical   conclusion   on   a   four   or   five-track    railroad    is 
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an  utter  impossibility  to  be  remembered  by  your  enginemen.  You 
cannot  say  to  your  engineman  so  he  can  remember  it,  "you  are  going 
to  a  certain  route,  and,  of  course,  you  should  remember  how  fast  you 
can  go,"  but  you  can  say  to  him  with  entire  practicability,  "you  can  go 
so  fast  with  safety."  It  seems  to  me  the  latter  arrangement  is  the  most 
desirable,  even  if  it  is  necessary  to  depend  on  the  towerman  to  give 
the  proper  route,  but  which  movement  can  be  safeguarded,  especially 
in  complicated  situations. 

Mr.  C.  C.  Anthony  (Pennsylvania  Railroad)  : — I  would  like  to  refer 
Mr.  Ewing  to  the  bottom  of  page  42  of  this  Bulletin,  where  there  is 
some  discussion  of  this  same  subject,  right  in  line  with  what  Mr. 
Rhea  has  just  said. 

The  President : — The  Chair  trusts  that  any  gentleman  interested 
in  this  subject  will  take  the  opportunity  of  questioning  the  Committee. 
This  is  a  very  important  matter,  and  of  far-reaching  effect,  in  the 
present  state  of  the  inquiry  in  this  country.  Our  conclusions  on  this 
subject  to-day  are  backed  up  by  the  best  thought  that  we  have.  The 
Committee  have  made  a  very  elaborate  report  and  are  giving  good 
reasons  for  the  same,  but  there  are  other  members  here,  perhaps,  who 
have  ideas  they  would  like  to  develop.  I  will  ask  Mr.  Elliott,  of  the 
New  York  Central,  to  say  .something  on  this  topic,  if  he  will. 

Mr.  W.  H.  Elliott  (New  York  Central  &  Hudson  River)  :— Mr. 
President,  there  is  Httle  for  me  to  say  except  to  recommend  to  the 
Association  the  report  of  the  Committee.  Mr.  Rhea  has  explained  the 
impracticability  of  adhering  to  route  signaling  if  a  four-track  railroad 
is  to  be  signaled,  to  enable  the  enginemen  to  take  full  advantage  of  the 
track  facilities  that  are  provided.  If  route  signaling  is  followed  on  a 
three  or  four-track  road,  five  or  more  home  signal  arms  will  be  required 
on  a  pole  at  many  locations ;  and  it  will  be  necessary  to  give  a  distant 
indication  for  one  unlimited  speed  route,  and  for  all  limited  speed 
routes  it  would  be  necessary  to  use  signals  having  eight  to  ten  or  more 
arms  on  a  pole;  and  such  an  arrangement  of  signals  is  inadvisable, 
owing  to  the  difficulty  that  an  engineman  will  have,  in  remembering 
the  particular  route  governed  by  a  signal,  and  is  objectionable  from 
an  engineering  standpoint,  owing  to  the  difficult  and  expensive  con- 
struction  required. 

It  is  evident  that  the  uniform  system  of  signal  indications  recom- 
mended by  the  Committee  is  the  best  and  the  most  practicable  that 
may  be  arranged,  and  the  Association  will  do  well  to  adopt  the  report 
as  submitted. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — Mr.  Chairman,  in  the 
paragraph  above  the  one  discussed  by  Mr.  Ewing,  reading  "short  arms 
and  short  range  lights  for  all  low-speed  indications  and  dwarf  signals" 
— I  move  that  the  words  "short  range"  be  stricken  out,  my  reason 
being  that  it  is  an  unnecessary  refinement  to  try  to  have  two  different 
ranges  of  lights  of  the  same  color.     I  think,  in  the  case  of  the  red  light 
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being  used  for  the  stop  indication  of  a  dwarf  signal,  the  same  red 
light  as  for  the  high  arm  should  be  used.  I  do  not  believe  it  is  neces- 
sary to  differentiate  so  closely,  and  for  that  reason  I  make  the  motion. 

(Motion  seconded.) 

The  President : — It  is  moved  and  seconded  that  the  words  "short 
range"  in  the  third  paragraph,  clause   15,  be  stricken  out. 

Mr.  Rudd : — I  certainly  hope  that  motion  will  not  pass.  I  appre- 
ciate Mr.  Cushing's  anxiety  to  get  these  lights  long  range.  I  believe 
he  is  backed  up  by  two  or  three  other  gentlemen  in  the  United  States, 
but  I  think  it  is  a  mistake.  The  idea  of  the  whole  report  is  to  have 
a  two-light  system  as  a  requirement.  That  is,  you  have  only  two  lights, 
and  always  two,  on  your  automatic  signal,  on  your  block  signal,  and 
would  have,  if  possible,  on  your  interlocking  signal.  So  that  the  elimina- 
tion of  one  light  shows  on  the  signal  itself  that  it  is  improperly  dis- 
played— one  of  the  most  important  things  in  this  entire  report.  To-day, 
on  every  road  in  this  country,  where  you  have  a  one  and  two-arm 
system,  it  is  speed  signaling,  the  top  arm  is  the  straight  track  and  the 
second  arm  means  slow  down,  because  you  are  going  to  diverge,  ex- 
tinguishing the  top  light,  you  have  an  effect  at  night,  of  clear  high- 
speed signal,  because  it  is  exactly  the  same  aspect  as  a  one-light  signal 
clear.  If  you  use  two  lights  on  every  signal,  as  far  as  possible,  if  one 
light  is  out,  the  signal  shows  that  it  is  impxpperly  displayed.  If  you 
use  three  lights  of  full  intensity,  and  the  top  one  goes  out,  you  still 
have  a  two-light  signal,  which  indicates  a  faster  speed  over  the  cross- 
overs than  you  should  have ;  that  is,  a  man  may  mistake  a  medium  speed 
signal  for  high  speed,  or  low  speed  for  medium  speed,  although  it 
is  true  that  he  has  a  distant  signal  in  the  rear  to  check  him  up.  But, 
theoretically  and  practically,  it  is  better  to  give  the  low-speed  arm  with 
the  short  range  light,  so  that  an  engineman  approaching  will  always 
see  the  permanent  lights  on  his  high-signal  arms,  and  the  low-speed 
arm  will  be  simply  an  adjunct  to  the  high-signal.  I  think  the  Committee 
is  coming  more  and  more  to  that  view,  after  some  few  minutes  of 
study,  and  we  desire  to  have  the  short-range  light  for  that  reason ; 
that  is,  your  two  high-speed  arms  are  your  signals  and  your  low-speed 
arm  gives  permission  to  pass   the  high-speed  signal  at  stop. 

Mr.  Gushing : — Mr.  Chairman,  I  knew  I  was  going  to  raise  trouble 
when  I  made  this  motion,  but  there  are  other  things  to  be  said  in 
regard  to  that  also.  In  the  first  place,  those  two  high-speed  arms  are 
a  regular  distance  apart,  and  this  third  light  is  also  at  "a  prescribed 
distance  from  the  other  two,  greater  than  in  the  first  case ;  so  that 
there  is  no  real  danger  of  mistaking  lights.  While  the  idea  of  different 
range  lights  sounds  all  right  in  theory,  when  it  comes  to  practice,  there 
is  liable  to  be  trouble.  I  think  that  it  will  be  entirely  too  difficult  to 
maintain  that  requisite  difference  of  intensity  so  as  to  have  it  thoroughly 
distinct  and  apply  in  all  cases. 

Mr.    Rudd : — Mr.    Chairman,    I    think    we    can    probably    solve    the 
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problem  of  the  different  length  of  range ;  in  fact,  we  have  already  done 
it.  Frosted  glass  can  be  put  in  back  of  the  roundel,  which  will  do  the 
business. 

Mr.  Gushing: — That  is  not  what  I  mean.  I  mean  lack  of  proper 
maintenance  of  one  of  the  other  lights. 

Mr.  Rudd : — If  one  of  the  lights  grows  dim,  you  have  an  imperfectly 
displayed  signal. 

Mr.  Gushing : — You  have  not  glasses  to-day  which  are  uniform  in 
shade  and  intensity. 

Mr.  Rudd : — And  we  will  not  have  until  we  buy  some  new  ones. 

Mr.  Gushing : — That  remains  to  be  seen. 

Mr.  Ewing: — Mr.  Rudd  stated  that  there  are  two  lights  on  every 
signal.  I  do  not  think  that  Mr.  Rudd  means  that  exactly.  Do  you 
intend  that  there  shall  be  two  lights  on  every  signal  under  this  new 
plan?  Do  you  not  mean  that  there  shall  be  only  one  light  on  each 
signal,  and  that  there  is  a  reading  of  two  lights   for  one   signal? 

Mr.  Rudd : — Your  interlocking  signals  are  two  lights  in  vertical 
lines  with  their  third  dim  light.  The  telegraph  block  signals  are  two 
lights   in  vertical   line ;   the   automatic,   two   lights   in   diagonal   line. 

Mr.  Ewing: — The  lights  themselves  are  not  on  this  one  signal; 
there  are  not  two  lights  on  one  signal.  There  is  one  light  on  each 
signal. 

Mr.  Rudd : — One  light  for  each  arm. 

Mr.  Ewing: — One  light  for  each  arm.  The  signal  light  is  a  com- 
bination of  the  two,  on  different  arms? 

Mr.    Rudd :— Gertainly. 

Mr.  Gushing: — Mr.  Rudd  might  explain  that  two  or  three  years 
ago  the  Association  passed  a  resolution  that  it  was  necessary  to  have 
a  distinctive  mark  for  the  automatic  signal  from  the  others,  and  this 
distinctive   mark    is   being   made   by   the   two-light    system. 

Mr.  Rudd: — Page  159,  of  the  Manual  of  1907,  paragraph  6,  states, 
"that  a  mark  of  distinction  be  made  between  automatic  block  signals 
and  all  other  home  signals,  whether  interlocking,  train-order,  or  man- 
ually operated  block  signals."  We  have  used  this  position  of  the  lights 
to  make   that  diiiference. 

Mr.  Ewing: — In  other  words,  I  take  it  from  the  Gommittee,  in 
order  to  be  sure  of  the  position,  a  clear  indication  for  high-speed  route 
is  a  white  light  over  a  red  light,  if  white  is  used  for  clear.  In  this 
case  green  is  safety;  then  a  high-speed  indication  is  a  green  above  the 
red,  the  two  lights  six  feet  apart.  An  indication  for  a  restricted  speed 
route  is  the  green  below  the  red. 

Mr.  Gushing: — Mr.  Ghairman,  we  are  getting  off  the  subject.  There 
is  a  motion  before  the  house.  I  would  like  to  see  whether  the  Asso- 
ciation is  going  to  sustain  the  Gommittee  on  the  dim  light. 

Mr.  B.  H.  Mann  (Missouri  Pacific)  :— I  hope  that  the  Gommittee 
will  be  sustained  in  the  use  of  these  two  ranges  andj^  perhaps,  to  make 


DISCUSSION  ON  SIGNALING  AND  INTERLOCKING.        97 

it  plain,  We  may  think  of  one  condition  that  will  come  up  in  practice. 
At  any  time,  in  any  interlocking  plant,  an  engineman  on  a  train  may 
expect  to  find  a  flagman  with  a  red  light.  I  think  if  we  ask  such 
engineman  whether  or  no  he  would  like  to  have  the  condition  that, 
when  he  is  approaching  an  interlocking  plant  at  a  speed  of  sixty 
miles  an  hour  and  sees  a  low  red  light,  whether  or  no  he  would  prefer 
to  have  that  indication  plain  and  at  once  apparent  rather  than  to  have 
a  feeling  of  uncertainty  in  mind  as  to  whether  this  red  light  is  "Stop" 
for  him  and  is  in  the  hands  of  a  flagman,  or  as  to  whether  it  is  a 
dwarf  signal   for  some  adjacent  siding. 

The  President : — The  question  is  upon  the  adoption  of  the  amend- 
ment to   strike  out  the  words   "short   range"   in   paragraph    15. 

(A  vote  was  then  taken  on  the  proposed  amendment,  and  the  amend- 
ment was  lost.) 

(The  Secretary  then  continued  to  read  the  report  of  the  Committee 
to  and  including  the  third  paragraph  on  page  17.) 

Mr.  Rhea : — Mr.  Chairman,  I  think  this  would  be  the  proper  place 
to  bring  up  for  discussion  that  particular  bone  of  contention  in  the 
Committee.  This  was  something  which  you  will  note  we  have  been 
divided  on.  Part  of  the  Committee  felt  that  this  was  improper,  as  it 
was  not  signaling  at  all ;  at  least  it  was  not  "stop"  signaling. 

The  President : — Are  you  speaking  to  the  whole  question  of  signal- 
ing or  to  the  paragraph? 

Mr.  Rhea : — I  am  speaking  of  the  second  paragraph  under  "Ex- 
planations." "The  Committee,  by  vote  of  6  to  5,  included  in  the  outline, 
Exhibit  No.  i,  indication  No.  4,  'Stop  within  certain  limits.' "  It  was 
felt  by  some  of  the  Committee  that  if  that  was  a  signal  indication,  it 
was  not  a  "stop"  indication.  If  it  was  to  be  "let  a  train  go  by"  indi- 
cation, it  was  a  proceed  indication,  and  I  feel  that  it  is  quite  proper 
that  this  should  now  come  up  for  vote  to  get  the  sense  of  the  Associa- 
tion on  this  subject,  and  I  would,  therefore,  move  the  elimination  of 
No.  4. 

(Motion  seconded.) 

The  President: — It  is  moved  and  seconded  that  in  the  table  printed 
on  page  12,  under  "stop  indications,"  that  No.  4  be  stricken  out.  It 
is  now  open  for  discussion. 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  : — 
Mr.  President,  I  would  like  to  ask  that  the  members  of  the  Committee 
who  are  in  favor  of  putting  in  No.  4  should  give  us  some  explanation 
whether  "proceed  at  stop  signal"  meant  to  stop  at  the  signal  or  some- 
where else  down  the  road. 

Mr.  Chas.  A.  Dunham  (Great  Northern)  : — As  has  been  stated  by 
Mr.  Rhea,  this  signal,  coming  under  th^  head  of  No.  4,  requisites  of 
indications,  was  the  subject  of  a  great  deal  of  discussion  at  the  various 
Committee  meetings.  The  fact  of  the  matter  is  that  a  signal  of  this 
type  is  used  on  nearly  every  railroad  as  a  train-order  signal.  Quite 
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frequently  it  is  located  in  front  of  the  telegraph  office.  Now,  a  train 
coming  up  to  such  a  signal  and  finding  it  at  stop,  on  most  of  the  roads 
is  allowed  to  proceed  by  that  signal  so  long  as  it  remains  within  the 
station  limits,  to  do  its  train  work.  As,  for  instance,  a  passenger  train 
arriving  at  a  station  at  which  it  has  to  receive  orders  is  allowed  to 
pull  by  the  signal  up  to  the  platform  and  do  its  station  work.  While 
there  is  undoubtedly  very  good  objection  to  this  arrangement  from  a 
signaling  standpoint,  it  is  every-day  railroad  practice,  and  if  we  eliminate 
this  indication,  it  means  that  we  have  got  to  provide  something  in  its 
stead.  It  means  probably  that  we  have  got  to  locate  the  train-order 
signals  in  advance  of  our  telegraph  offices,  perhaps  i,ooo  or  2,000  feet, 
as  conditions  may  require ;  and  I  believe  that  the  Committee  believes 
that  some  such  method  is  the  right  thing  to  do.  The  question  comes 
along,  however,  to  do  this  it  is  going  to  cost  a  great  deal  of  money; 
and  in  the  words  of  one  of  our  great  men,  "it  is  a  condition  and 
not  a  theory  that  we  are  dealing  with."  This  indication  No.  4  is 
every-day    practice    on    nearly    all    railroads. 

Mr.  Rhea : — Although  it  is  an  every-day  practice,  there  is  no 
provision  made  by  providing  a  special  signal.  The  Standard  Code,  on 
page  38,  says  that  a  fixed  signal  must  be  used  at  each  train-order  office, 
where  trains  are  to  be  stopped  for  train  orders.  It  is  true  that  it  is 
prescribed  by  some  roads  that  trains  coming  to  stations  at  which  there 
are  train  orders  for  them  may  pull  by  to  the  station  platform.  That,  I 
think,  is  the  sense  of  the  wording  in  almost  every  instance.  It  does  not 
say  station  limits,  but  says  the  station  platform.  At  least  that  is  the 
case  in  all  the  rules  where  I  have  been  able  to  locate  this  provision.  In 
no  place,  in  any  book  of  rules  of  any  American  railway,  have  I  been 
able  to  find  that  they  have  provided  a  distinctive  signal  aspect  for  this 
purpose.  They  have  simply  covered  it  by  the  book  of  rules,  showing 
that  you  may  do  so  and  so  when  your  train-order  signal  is  against  you. 
The  train-order  signal,  I  believe,  is  the  only  signal  for  which  that 
provision  is  made.  To  start  with,  the  Standard  Code  does  not  sanction 
it,  and  we  did  not  care  to  go  back  of  that  practice  and  recommend 
something  of  a  retrogressive  character,  and  which  was  not  sanctioned 
by  the  Standard  Code,  although  we  recognize  the  prevalence  of  this 
in  every-day  practice.  If  such  a  signal  aspect  is  required,  then  the 
classification  is  entirely  in  the  wrong  location.  It  is  located  somewhere 
under  "proceed,"  and  I  presume  properly  should  be  under  "caution." 
You  have  got  two  kinds  of  "proceed,"  as  required  by  the  Standard 
Code,  "clear"  and  "caution."  You  certainly  could  not  call  it  a  clear 
indication ;  so  about  all  there  is  left  is  to  call  it  a  caution  indication, 
because  when  a  train  is  permitted  to  go  by  a  signal,  it  certainly  can 
be  considered  a  proceed  signal.' 

Mr.  Gushing: — Mr.  Chairman,  we  asked  this  Committee  to  present 
a  complete,  uniform  system  of  signaling,  and  I  do  not  think  they  were 
called    upon    to    defend    any    present    practice,    which    we    all    know    is 
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bad.  We  asked  them  to  give  us  something  that  we  can  look  up  to 
as  a  standard,  to  work  up  to  in  the  future,  and  these  bad  practices  can 
be  gradually  eliminated  without  the  necessity  of  doing  it  all  at  once ; 
and  I  do  not  believe  that  we  should  sanction  anything  that  is  bad  just 
because  we  are  doing  it  to-daj^  It  is  not  the  right  principle  for  us 
to  work  on. 

Mr.  Ewing: — I  would  like  to  ask  how  a  train-order  indication  is 
given  at  a  train-order  office  if  a  signal  is  not  provided.  A  train-order 
office  requires,  according  to  the  American  Railway  Association  rules, 
that  a  signal  of  prescribed  form  shall  be  used,  does  it  not,  Mr.  Rhea? 

Mr.  Rhea  : — Yes,  sir. 

Mr.  Ewing: — I  understand  that  this  rule  is  framed  to  cover  just 
such  a  condition  as  that,  that  a  signal  of  prescribed  form  must  be  used 
at  that  office  (a  telegraph  office  pure  and  simple),  to  indicate  to  an 
engineman  whether  there  are  train  orders  at  that  office  for  him  or  not. 
In  view  of  these  conditions  you.  have  got  to  have  some  sort  of  a  signal, 
and  No.  4,  perhaps,  is  a  little  too  broad — "stop  within  certain  limits." 
It  means  stop  at  that  signal  and  get  the  orders,  if  it  is  against  you. 

Mr.  Mann : — The  Committee,  as  a  matter  of  information,  makes 
No.  4  read  "stop  within  certain  limits."  Imagine  a  case  of  a  passing 
track  entrance,  at  a  station  platform.  It  seems  to  me  supplementary 
indication  No.  8  comes  under  No.  4  at  that  time.  Then,  to  extend  the 
limits  a  little  farther,  with  indication  B,  "take  siding  at  next  station" — 
on  a  single-track  road.  You  have  got  to  be  prepared  to  stop,  for  the 
reason  that  you  cannot  alwaj's  be  sure  that  there  is  going  to  be  a  man 
at  the  switch  to  head  you  in.  In  some  cases,  I  would  like  to  ask  the 
Committee  if  this  stop  indication  No.  4  should  not  include  A  and  B, 
under  Supplementary  Indications,  or  whether  Supplementary  Indications 
A,  B  and,  perhaps,  D,  should  not  include  No.  4?  Or,  in  other  words, 
why  is  it  necessary  to  have  No.  4  as  a  stop  signal,  which  latter  we  have 
learned  means  "run  not  quite  up  to  the  signal  and  not  beyond  it," 
when   the   same   meaning  is   given   in   supplementary   indications? 

Mr.  Rudd : — Mr.  Chairman,  No.  4  was  intended  to  cover,  as  has 
been  explained,  the  condition  where  the  train  is  to  pull  up  to  the  sta- 
tion, where  the  signal  is  located  in  the  center  of  the  station,  "pull  up 
to  unload  passengers,"  as  on  some  of  the  Eastern  roads,  or  "pull  up 
and  take  the  siding,"  or  "work  within  the  station  limits,"  as  on  some 
of  the  Western  roads.  A  good  many  of  the  members  of  the  Committee 
felt  that  No.  4  should  not  be  inserted  at  all,  but  it  was  done  to  keep 
the  peace,  and  I  think  it  should  be  eliminated.  I  do  not  think  it  be- 
longs among  the  stop  indications.  The  jquestion  of  train-order  signals, 
that  is  by  themselves,  is  one  that  we  need  not  consider  in  this  report, 
because,  even  if  some  of  the  roads  should  adopt  this  system  at  once,  it 
is  bound  to  be  some  little  time  before  it  will  become  anywhere  nearly 
universal,  a^d  by  that  time  the  block  system  will  be  in  use  and  the  train- 
order  signals,  as  train  signals,  will  be  eliminated.     There  may  be  signs 
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put  up  to  indicate  orders,  but  block  signals  will  be  used  for  stopping 
trains.  The  thought  of  the  Committee  was  that  if  a  train-order  signal 
were  needed  that  it  should  indicate  stop  and  stay,  in  class  No.  i,  if 
there  were  orders,  and  that  it  should  indicate  class  No.  8,  "continue,"  if 
there  were  no  orders.  It  should  not  be  a  "proceed"  signal  if  there 
were  no  orders,  and  it  is  one  of  the  questions  that  has  not  been  entirely 
decided  by  the  Committee,  because  the  Committee  felt  that  until  this 
table  of  requisite  indications  was  adopted,  it  would  be  hardly  worth 
while  going  into  all  the  details,  and  we  did  not  have  time  to  do  it 
anyway.  As  to  A  and  B,  "take  siding  here,"  these  were  put  in  as 
supplementary  indications,  because  we  did  not  feel  that  they  were 
needed  or  should  be  used  in  a  complete  system,  but  that  they  were 
required  until  such  time  as  the  roads  complete  their  signals,  when  they 
can   be    eliminated. 

The  President : — The  question  is  upon  the  motion  to  strike  out 
requisite  No.  4,  in  the  stop  indications  tabje,  on  page  12. 

(The  motion   was   carried.) 

The  President: — The  motion  is  adopted,  and  No.  4  is  ordered 
stricken   out. 

(Vice-President  Berg  in  the  Chair.) 

Vice-President  Berg: — The  Secretary  will  proceed  with  the  reading 
of  the  recommendation  of  the  Committee's  report  on  Signaling  and 
Interlocking,  on  page   17,  and  the  matter  under  "analytical." 

(The    Secretary   read    the    matter   indicated.) 

Vice-President  Berg: — We  will  hear  from  the  chairman  of  the 
Committee  as  to  what  action  should  be  taken. 

Mr.  Rudd : — The  Committee  submits  the  following  substitute  for 
the  conclusions  printed  in  the  report : 

"First — That  the  requisite  indications.  Exhibit  No.  i,  are  adequate; 
permit  of  a  uniform  system  of  signaling;  are  not  in  conflict  with  exist- 
ing systems,  and  are  recommended  to  the  American  Railway  Association 
for   approval. 

"Second — That  the  requisites  of  installation  as  set  forth  are  prac- 
ticable ;  form  an  adequate  and  proper  basis  for  the  design  of  a  system 
of  aspects  by  which  the  requisite  indications  may  be  displayed ;  provide 
an  excellent  means  for  attaining  a  uniform,  universal  system  of  signal- 
ing; and  are  therefore  endorsed  by  this  Association,  and  submitted  to 
the  American  Railway  Association  for  such  action  as  may  be  necessary 
to  enable  roads  desiring  to  use  them  to  do  so  with  the  approval  of  that 
association." 

I   move   the  adoption   of  the  conclusions. 

Vice-President  Berg: — The  matter  is  now  before  the  meeting  for 
discussion.  The  disposition  of  the  conclusions  to  this  report  is  a  very 
important  matter,  to  have  the  adoption  of  the  conclusions  in  proper 
shape,  so  that  the  work  of  the  Committee  will  receive  the  right  intent 
and  be  put  in  proper  line  for  adoption  by  the  American  Rsulway  Asso- 
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ciation  as  far  as  such  action  is  necessary.  It  is  desirable  to  make 
sure  that  this  conckision  which  embodies  reference  to  the  American 
Railway  Association  is  in  proper  shape.     Are  there  any  remarks? 

Mr.  Ewing: — It  is  difficult  to  carry  the  entire  conclusion  in  one's 
mind.  I  suggest  that  the  conclusions  be  adopted  separately.  I  therefore 
move  that  conclusion  first  be  adopted. 

Vice-President  Berg: — That  will  be  the  proper  method,  unless  there 
is  objection.  Before  proceeding  to  vote,  does  the  chairman  of  the 
Committee  desire  to  make  any  explanation? 

Mr.  Rudd : — I  think  the  resolutions  are  plain  enough.  They  are 
divided  into  two  parts — first,  the  requisite  indications  which  by  this 
resolution  are  recommended  to  the  American  Railway  Association  for 
approval,  recognizing  the  fact  that  the  settling  of  indications  is  entirely 
within  their  province,  and  that  the  second  part,  requisites  of  installation, 
are  matters  of  detailed  signaling  in  a  measure,  which  properly  pertain 
to  the  province  of  the  Maintenance  of  Way  Association,  while  at  ihc 
same  time,  in  view  of  the  arrangement  of  signals,  etc.,  and  different 
present  practice,  it  is  felt  that  the  American  Railway  Association  also 
has  jurisdiction  of  this  part  of  the  subject.  The  resolutions  are  drawn 
in  order  to  separate  the  indications  and  the  requisites  of  installation 
so  that  they  can  be  treated  in  this  way.  I  will  read  this  again.  It  is 
unfortunate   we   did   not   get   it   in    shape   in    time   to   be    printed. 

"First — That  the  requisite  indications.  Exhibit  No.  i,  are  adequate ; 
permit  of  a  uniform  system  of  signaling;  are  not  in  conflict  with 
existing  systems,  and  are  recommended  to  the  American  Railway  Asso- 
ciation for  approval." 

(President  Johnston   in  the  Chair.) 

Mr.  Rhea: — I  think  as  a  member  of  this  Committee  I  voice  the 
sentiments  of  the  entire  Committee  in  saying  that  we  would  like  to 
have  had  a  little  more  discussion  on  this  report.  I  particularly  would 
like  to  hear  the  operating  men  criticise  it.  I  do  not  believe  we  can 
obtain  the  utmost  value  of  our  work  unless  we  do  have  criticisms  and 
discussion,  and  the  Committee,  I  think,  also  feels  that  we  have  been 
a  little  bit  forced  into  a  field  which  was  hardly  ours  in  formulating 
what  the  indications  of  a  signal  system  should  be.  I  personally  have 
felt  that  we  have  had  to  go  out  of  our  legitimate  province  in  outlining 
this  table  called  Exhibit  No.  i.  This  is  a  transportation  question, 
and  should  have  been  solved  and  settled  by  the  transportation  men.  We, 
however,  have  been  put  in  a  dilemma  that  we  could  not  get  any  outlnic 
for  our  action,  and  the  only  thing  to  guide  us  was  the  Standard  Code. 
The  Standard  Code  as  it  is  formulated  to-day  is  a  very  simple  outline 
indeed.  It  provides  for  three  things  only,  "stop"  ancf  "proceed,"  and 
proceed  again  divided  into  two  primary  divisions,  "clear"  and  "caution." 

I  think  the  operating  men  here  should  come  forth  and  say  whether 
this  is  what  they  need  and  require  for  the  operation  and  the  ex- 
peditious movement  of  traffic  over  their  railroads.     They  are  the  people 
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who  are  the  most  interested  in  this,  and  it  is  for  them  to  say  whether 
we  have  provided  loo  much  or  too  httle,  whether  we  have  adhered  to 
the  Code  or  whether  we  have  not.  We  think  we  have  adhered  quite 
closely  to  the  Code  from  the  fact  that  we  have  outlined  these  indications 
along  what  we  feel  is  the  outline  provided  by  the  Standard  Code. 

There  has  been  a  great  deal  of  exception  taken  to  the  word  "requi- 
site." I  may  be  making  trouble  for  the  Committee  in  bringing  this  sub- 
ject up,  but  I  think  we  should  honestly  meet  every  point  at  issue,  and 
that  word  "requisite"  has  been  criticised  very  severely.  I  for  one 
would  be  very  glad  to  see  a  better  word  substituted,  but  I  have  not 
been  able  to  find  it.  We  do  not  mean  by  the  term  "requisit-;;  indication" 
the  same  use  of  the  word  as  we  do  in  the  word  "requisite"  uf  installation, 
but  the  meanings  diverge  to  this  extent,  that  the  "reqr.isite  indication" 
with  the  uniform  system  of  signaling  which  we  have  proposed  is  the 
indication  that  you  must  of  a  necessity  use  if  you  are  going  to  signal 
that  condition  with  this  proposed  uniform  system  of  signaling.  The  word 
"requisite"  of  installation  is  used  in  a  narrower  and  more  restricted 
sense  and  is  something  that  you  must  do  in  any  event  if  you  install  the 
kind  of  a  signal  prescribed  by  the  Code,  and  as  one  of  this  Committee 
I  would  be  very  glad  if  someone  would  find  a  word  to  substitute  for 
that  word  requisite,  which  will  fill  the  bill.  We  have  been  unable 
to  do  so. 

I  make  the  plea  for  this  Committee  that  the  transportation  men  break 
into  this  subject  and  tell  us,  give  us  their  opinion  whether  we  have 
filled  the  need  as  outlined  by  this  Exhibit  No.  i,  as  we  feel  this  was 
somewhat  out  of  our  province,  and  also  tell  us  whether  we  have  gone 
too  far  or  whether  we  have  not  gone  far  enough. 

Mr.  Ewing: — I  would  like  to  ask  the  Committee  if  they  have  con- 
sidered the  advisability  of  dropping  the  word  "requisite"  entirely  and 
simply  say  "indications"  instead  of  requisite  indications  or  some  other 
indications? 

Mr.  Rudd: — That  question  of  the  use  of  the  word  "requisite"  was 
discussed,  I  think,  for  an  hour  or  more  in  Milwaukee  at  the  meeting 
of  the  Railway  Signal  Association  last  October,  and  they  groped  around 
to  find  some  other  word.  It  was  suggested  that  "desirable"  be  used; 
it  was  suggested  that  the  word  "requisite"  be  eliminated ;  it  was  sug- 
gested that  "primary  indications"  be  used.  I  think  there  were  also  two 
or  three  other  suggestions,  and  it  was  finally  voted,  almost  unanimously, 
to  use  the  word  "requisite,"  with  the  understanding  that  no  road  had 
to  use  all  these  l6  indications,  with  the  understanding  that  if  they  did  not 
have  any  signals  they  would  not  use  any  of  these  indications,  and  if  they 
had  only  two  or  three  signals  they  would  use  the  indications  which  were 
requisite  for  those  signals,  and  when  a  »road  was  completely  signaled  if 
a  number  of  these  indications  would  not  be  used  at  all,  they  would  be 
eliminated;  the  definition  of  the  word  "requisite"  being  "those  which 
were   necessary   to    cover    all    existing   conditions."       For    instance,    the 
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indication  No.  2,  "stop  here  and  then  proceed,"  would  not  be  requisite 
on  a  road  that  did  not  have  any  automatic  signals,  because  there  would 
not  be  any  such  indication  given,  but  where  the  conditions  require  the 
installation  of  signals  to  give  certain  information  these  indications  were 
the  requisite  indications.  I  hope  I  have  made  plain  the  meaning  in  the 
minds  of  the  Committee  of  the  term  requisite.  I  think  some  of  the 
members  of  the  Committee  can  probably  throw  more  light  on  it  than 
I  can.  I  am  not  a  "word  sharp,"  but  I  am  sure  someone  in  the 
convention  can  find  a  better  word  than  we  have — or  perhaps  we  can 
make  one. 

Mr.  Berg: — I  would  like  to  hear  from  the  chairman  of  the  Com- 
mittee whether  I  understand  correctly  that  this  conclusion  No.  i  refers 
only  to  the  table  "Exhibit  No.  i"  on  page  12. 

Mr.  Rudd:— Only  that. 

Mr.  Berg: — I  will  call  the  attention  of  the  chairman  to  the  heading 
of  that  table  No.  i — it  says,  "Outline  of  indications  for  method  of 
uniform  signaling."     It  does  not  use  the  word  "requisite." 

Mr.  Rudd : — Yes,  but  at  the  head  of  the  table  it  says,  "requisite 
indications." 

Mr.  Ewing: — Right  on  this  subject,  the  criticism  that  I  have  heard 
from  an  operating  man  was  that  here  are  16  requisites  of  indication, 
and  there  are  too  many  in  his  judgment — you  should  not  require  an 
engineman  to  memorize  16  requisite  indications.  The  whole  thing  should 
be  boiled  down  to  four  or  five,  or  half  a  dozen.  Have  things  simple 
and  as  few  as  possible.     That  was  his  criticism  of  it. 

Mr.  Rudd : — If  Mr.  Ewing  will  compare  his  present  practice,  I  do 
not  care  what  road  he  is  on,  with  this  table,  he  will  want  to  put  some- 
thing in  the  table  to  expand  it.  I  do  not  know  that  I  can  illustrate 
that  matter  any  better  than  by  referring  to  page  25  of  this  report, 
where  you  will  find  a  paper  which  in  my  ignorance  I  contributed  a  year 
or  two  ago,  showing  the  requisite  indications  as  I  viewed  them  at  that 
time.  About  the  middle  of  the  page  you  will  find  the  following:  "Stop 
here,  and  remain  until  authorized  to  proceed ;  stop  here,  there  are  orders 
for  you;  stop  here,  signal  imperfectly  displayed;  stop  here,  you  may 
proceed  after  investigating;  stop  here  and  proceed  after  waiting  .  .  . 
time ;  and  stop  at  next  signal." 

If  each  member  will  think  whether  each  one  of  these  applies  to 
his  road  or  not  I  think  Mr.  Swing's  objection  would  be  answered  by 
the  time  I  got  through  the  list. 

The  remaining  requisites  are  as  follows :  "Stop  here,  derail  open ; 
proceed  on  high-speed  route,  and  stop  at  next  signal ;  diverge  on  medium- 
speed  route  and  stop  at  next  signal;  proceed  at  low  speed,  expecting 
to  find  obstructions ;  approach  next  signal  prepared  to  diverge  at  limited 
speed;  approach,  curve  or  track  under  repair;  proceed  on  high-speed 
route,  next  signal  at  proceed ;  proceed  on  medium-speed  route,  next 
signal  at  proceed;  proceed  on  low-speed    route,  next  signal  at  proceed; 
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proceed  at  low  speed — there  are  '19'  orders  for  you ;  main  track  switch 
open  here ;  siding  switch  open  here ;  main  track  switch  open  beyond ; 
absence  of  restricting  signal;  flag  station — passengers;  track  tank  mark- 
ers ;  block  office  closed ;  speed  may  be  resumed ;  block  is  occupied ;  take 
siding  at  some  point  beyond  and  speed  may  be  resumed." 

There  are  27  in  all  in  this  list  which  I  have  read.  I  think  in  Mr. 
Clausen's  contribution  he  had  about  40.  The  16  indications  would 
be  exhibited  by  probably  not  to  exceed  23  or  24  aspects.  "That  is  a 
great  many,  24  aspects,  for  an  engincman  to  learn" — and  yet  some 
of  the  roads  have  as  high  as  125  now. 

Mr.  Ewing: — I  would  ask  Mr.  Rudd  if  he  considers  that  the  16 
requisite  indications  that  he  provides  for  will  cover  all  such  conditions 
as  he  mentions  in  the  27 ;  there  are  track  signs,  flag  station,  tank  mark- 
ers, block  office  closed,  speed  may  be  resumed,  and  a  lot  of  indications 
there  that  are  really  not  signal  indications  except  under  certain  con- 
ditions, and  I  do  not  sec  how  he  would  cover  all  these  conditions  under 
the  16  requisites  that  are  contemplated. 

Mr.  Rudd : — That  is  covered  in  14  and  9  of  the  requisite  indications. 

Mr.  Rhea : — I  would  like  to  read  a  definition  out  of  the  Standard 
Code,  in  answer  to  Mr.  Ewing.  On  page  12  of  the  Standard  Code  is 
the  definition  for  a  fixed  signal,  which  is  as  follows :  "Fixed  Signal. — 
A  signal  of  fixed  location  indicating  a  condition  affecting  the  movement 
of  a  train."  The  footnote  to  the  definition  of  "fixed  signal :"  "The 
definition  of  a  'fixed  signal'  covers  such  signals  as  slow  boards,  stop 
boards,  yard  limits,  switch,  train-order,  block,  interlocking,  semaphore, 
disc,  ball  or  other  means  of  indicating  'stop,'  'caution'  or  'proceed.' " 
That  certainly  is  a  pretty  broad  definition  and  I  think  your  Committee 
has  not  gone  outside  the  limits  of  that  definition  in  its  scheme  of 
indications. 

The  President : — If  Mr.  Cable,  of  the  Rock  Island,  is  here  we  will 
be  glad  to  hear  from  him. 

Mr.  H.  S.  Cable  (Chicago,  Rock  Island  &  Pacific)  :— I  do  not  think 
that  I  have  any  ideas  that  are  of  any  value.  I  was  impressed  with  what 
Mr.  Ewing  said  about  the  number  of  indications.  It  seemed  that  he 
thought  there  were  a  good  many,  and  I  had,  just  before  he  spoke  of 
them,  been  thinking  over  our  own  conditions,  and  I  found  that  we 
have  nearly  all  of  the  indications  that  are  mentioned  in  this  list.  I 
have  had  opportunity  to  look  over  the  list  of  indications  for  some 
weeks  and  I  have  been  a  little  interested  in  them,  particularly  in  this 
No.  4  indication,  and  I  have  about  become  convinced  that  while  it  does 
not  fit  our  particular  line  of  railway,  and  of  course  a  gOod  many  other 
lines  of  railway  in  the  West  and  all  over  the  country,  it  seems  to  me 
as  though  we  were  getting  down  to  good  practice  if  we  came  to  a 
point  where  we  did  not  permit  our  trains  to  pass  a  stop  signal,  and  I 
believe  that  we  are  proceeding  along  right  lines  when  we  undertake  to 
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establish  a  rule  of  practice,  as  approved  practice,  by  which  we  shall  not 
pass  such  a  signal. 

There  is  no  question  in  my  mind  that  with  a  good  many  railroads, 
for  a  time  at  least,  it  would  be  necessary  to  provide  rules  making  an 
exception  to  the  general  rule,  for  the  reason  that  many  lines  will  not 
be  ready  to  adopt  the  scheme  in  its  entirety. 

I  think  that  the  report  of  the  Committee  certainly  shows  a  deep 
study  on  its  part  of  the  whole  situation,  and  I  have  had  brought  to  my 
mind,  not  only  to-day,  but  at  other  times,  in  looking  over  the  report 
and  the  scheme,  a  number  of  objectionable  features,  at  least  I  thought 
they  were  objectionable;  but  the  further  I  looked  into  the  question 
and  the  more  argument  I  heard  on  it  the  more  I  discovered  that  every- 
thing was  answered,  and  without  meaning  to  tire  the  convention  I  would 
like  to  cite  one  of  those  cases  that  came  to  my  mind  this  morning. 

There  came  up  the  question  whether  the  signal  should  give  the 
engineman  information  as  to  what  were  all  of  the  conditions,  or  simply 
give  him  directions  as  to  how  to  handle  his  train,  and  there  came  up  in 
connection  with  that  point  the  one  of  the  second  arm  on  the  mast,  giving 
indication  for  more  than  one  diverging  route,  and  I  immediately  set  up 
in  my  mind  an  objection  to  the  scheme.  It  was  a  supposed  case  of  .1 
trunk  line  railroad  of  two  or  more  tracks,  with  two  diverging  routes,  on 
both  of  which  limited  speed  would  be  permitted,  and  I  thought,  "now 
here  is  a  diverging  route  to  the  north  and  one  to  the  south,  both  single- 
track  lines,  and  the  engineman  of  the  train  approaching  the  junction 
has  the  right  on  the  branch  to  the  north,  but  he  has  no  right  on  the 
branch  to  the  south."  If  we  do  not  make  any  provision  for  it  I  still 
think  there  might  be  some  objection  to  the  signaling  scheme,  but  there 
could  not  be  any  such  state  of  affairs  like  that  if  we  could  make  some 
arrangement,  and  it  would  be  necessary  for  those  in  charge  of  the  signal- 
ing system  to  make  some  arrangement  to  protect  that  train  should  the 
leverman  in  error  give  him  the  wrong  diverging  route.  I  simply  men- 
tion this  to  illustrate  the  fact  that  I  have  thought  of  it,  and  the  more 
objections  I  raise  in  my  own  mind  the  better  I  am  satisfied  with  the 
scheme  of  the  Committee. 

I  am  particularly  impressed  with  the  value  of  the  general  idea  of  the 
two  lights  per  mast,  and  I  cannot  see  any  objections  to  make. 

The  President : — The  question  is  upon  the  first  revised  conclusion  of 
the  Committee  as  read  by  the  chairman. 
(The  conclusion  was  adopted.) 

The  President: — The  Secretary  will  read  the  revised  second  con- 
clusion. 

The  Secretary : — "Second — That  the  requisites  of  installation  as  set 
forth  are  practicable ;  form  an  adequate  and  proper  basis  for  the  design 
of  a  system  of  aspects  by  which  the  requisite  indications  may  be  dis- 
played ;  provide  an  excellent  means  for  attaining  a  uniform,  universal 
system  of  signaling;  and  are  therefore  endorsed  by  this  Association  and 
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'  submitted  to  the  American  Railway  Association  for  such  action  as  may 
be  necessary  to  enable  roads  desiring  to  use  them  to  do  so  with  the 
approval  of  that  Association." 

The  President: — Gentlemen,  what  action  will  you  take  on  the  second 
conclusion  ? 

Mr.  Rudd: — Mr.  Chairman,  I  move  the  adoption  of  the  second  con- 
clusion. 

Mr.  Berg : — I  would  like  the  chairman  of  the  Committee  to  designate 
just  what  matter  that  conclusion  carries  with  it.  I  presume  it  starts 
on   page   ii    with  the  words   "telegraph  block    system." 

Mr.  Rudd: — It  starts  with  the  words  on  page  ii,  "telegraph  block 
system"  and  extends  through  to  the  sixth  line  on  page  17,  ending  with 
the  words  "approaching  train." 

Mr.   Berg: — Does  it  carry  the  table.   Exhibit   No.  2? 

Mr.  Rudd:— Yes,  the  table,  Exhibit   No.  2. 

Mr.   Berg: — Does   it  carry  the   footnotes? 

Mr.  Rudd : — Yes,  these  footnotes  are  in  the  Code.  It  carries  every- 
thing except  the  analytical  matter,  which  is,  of  course,  not  a  part  of  the 
report  to  be  adopted.  It  includes  everything  down  to^'explanation  of 
action"  and  including  Table  2.  ~ 

(The  second  conclusion  was  adopted.) 

Mr.  Berg: — Is  it  desirable  to  have  any  discussion  as  to  what  action 
shall  be  taken  in  regard  to  the  Manual? 

Mr.  Rudd : — The  Committee,  by  a  vote  of  8  to  3,  propose  this  should 
appear  in  the  Manual.  While  that  is  their  idea,  the  governing  board 
generally  decides  what  shall  appear  in  the  Manual.  It  would  seem, 
perhaps,  that  this  might  be  held  out  of  the  Manual,  and  a  place  left 
for  it,  as  it  is  to  be  submitted  to  the  American  Railway  Association, 
out  of  courtesy  to  them,   until  they  take  some  action. 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — If  it  is  permissible 
at  this  time  to  consider  parts  of  recommended  practice  I  would  like 
to  invite  attention  to  the  location  of  masts,  referred  to  on  page  7. 

The  President: — It  will  be  necessary  for  you  to  make  a  motion  that 
the  report  of  the  Committee  be  reconsidered. 

Mr.  Stevens : — Then  I  will  make  a  motion  to  reconsider,  with  the 
ultimate  object  of  eliminating  paragraph  (2)  under  the  head  of  location 
of  masts  on  page  7. 

Mr.  Rudd: — The  point  made  by  Mr.  Stevens  is  not  included  in  our 
recommendations  which  have  been  adopted.  It  is  a  paragraph  copied 
from  page  147  of  the  Manual  of  1907,  stating  that  "signals  if  on  bridges 
to  be  located  over  the  center  of  intertrack  space."  That  is  a  point  which 
has  been  brought  up  in  Committee  within  the  last  day  or  so,  with  the 
statement  that  it  is,  perhaps,  superfluous.  We  had  already  taken  care 
of  it  by  saying  that  "signals  if  practicable  to  be  either  over  or  upon  the 
right  of  and  adjoining  the  track  to  which  they  refer."  Therefore,  it  was 
a  redundancy  to  say,   "if  on  bridges  to  be   located  over  the  center  of 
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intertrack  space."  It  seems  to  me  this  point  is  simply  a  matter  of  the 
revision  of  the  Manual,  reconsidering  the  action  of  the  past  Committee. 

I  want  to  say  in  a  number  of  these  cases  we  quoted  from  the  1907 
Manual,  and  have  perhaps  done  an  injustice  to  the  Committee  of  which 
Mr.  Mock  was  chairman  and  Mr.  Gushing  vice-chairman.  A  number 
of  these  points  also  appear  in  the  1905  Manual — that  is,  they  were 
adopted  four  years  ago.  We  made  progress  faster  than  we  knew  we 
were  making  it,  and  it  would  appear  that  this  is  simply  a  question  for 
a  motion  to  revise  the  Manual  rather  than  to  reconsider  our  report,  as 
the  matter  was  embodied  in  our  report  simply  as  a  summary. 

The  President : — The  Chair  would  rule  that  a  motion  would  be  in 
order  for  a  revision  of  the  Manual  in  view  of  the  action  taken  in 
adopting  the  present  Committee's  report.  That  would  include  with  it  any 
revision  involved  in  this  report,  and  Mr.  Stevens  is  at  liberty  to  call 
attention  to  the  points  he  desires  to  be  made  in  that  connection.  That 
would  be  a  matter  for  the  Committee  to  take  up  on  his  motion  and 
report  at  a  subsequent  meeting. 

Mr.  Stevens : — It  would  be,  perhaps,  pertinent  for  me  to  explain  a 
little  to  the  Committee  as  to  why  I  make  this  suggestion.  The  indication 
to  a  train  is  complicated  by  an  intervening  and  opposing  signal  over 
the  track  on  which  the  train  is  standing,  a  signal  to  a  train  moving  in 
the  opposite  direction  if  placed  over  the  center  of  the  distance  between 
the  intervening  tracks.  If  the  indication  is  received  from  a  point  over 
the  right-hand  rail  this  condition  is  eliminated. 

The  President : — The  Committee  does  not  dissent  from  your  view. 
The  proper  way  to  reach  the  matter  is  to  make  a  motion  to  revise  the 
Manual. 

Mr.  Stevens : — My  thought  was  that  the  quotation  from  the  Stand- 
ard Code,  "Signals  if  practicable  to  be  either  over  or  upon  the  right  of, 
and  adjoining  the  track  to  which  they  refer,"  was  placed  in  that  shape 
so  that  in  case  the  signals  are  placed  on  a  bridge  that  condition  might 
be  availed  of,  that  is,  that  the  signals  might  be  placed  in  the  pre- 
sumably ideal   position   directly   over  the   track. 

The  President: — A  motion  should  be  made  to  adopt  the  report  of 
the  Committee  as  a  whole  and  the  conclusions. 

Mr.  Rudd : — I  move  that  the  report  be  adopted  as  a  whole,  including 
the  conclusions.  This,  of  course,  has  no  bearing  on  the  revision  of  the 
Manual. 

(The  motion  was  put  and  unanimously  carried.) 

Mr.  Rudd: — I  move  that  the  Committee  be  instructed  to  receive  any 
suggestions  as  to  the  revision  of  the  Manual  as  completed  previous  to 
this  meeting  and  make  report  on  the  same  at  the  next  meeting. 

Mr.  Berg: — I  do  not  think  it  is  necessary  to  pass  the  motion.  The 
Committee  has  that  power  under  the  rules,  and  part  of  the  Committee 
work  is  invariably  that  the  Committee  shall  look  over  and  revise  the 
previously  published  matter  in  the  Manual.    It  is  their  duty  to  do  50. 
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Of  course,  the  Committee  is  entitled  to  receive  any  ideas  or  suggestions 
which  any  members  desire  to  present  to  them. 

Mr.  Rudd : — We  will  take  into  consideration  the  suggestion  made 
by  Mr.   Stevens. 

Mr.  Berg: — It  is  one  of  the  important  duties  of  the  Committees  to 
revise  from  year  to  year  the  matter  published  in  the  Manual. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — ■ 
I  want  to  call  the  attention  of  the  Committee  to  the  fact  that  it  was  their 
duty  to  have  reconciled  their  report  with  the  Manual  and  thus  save 
another  year's  consideration  of  the  subject. 

Mr.  Rudd : — I  will  have  to  apologize  for  the  Committee,  which  is 
much  to  blame,  and  can  only  say  that,  taking  all  of  our  meetings  to- 
gether, we  were  only  in  session  about  two  weeks  and  a  half  during  the 
last  year,  and  we  really  did  not  get  at  all  the  details.  Next  year,  having 
nothing  to  do  in  railroad  work,  I  imagine  we  will  hold  a  continuous 
session. 

The  President : — The  Committee  is  discharged,  and  the  thanks  of  the 
Association  arc  due  the  Committee  for  its  very  valuable  work. 


REPORT  OF   COMMITTEE   NO.   XIII— ON   WATER 

SERVICE. 

(Bulletin  95.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

During  the  year  1906  circulars  were  sent  out  to  the  members  of 
the  Association  bearing  on  certain  points  which  the  Board  of  Direction 
instructed  your  Committee  to  report  upon.  The  replies  received  were 
very  few,  and  no  report  was  made  at  the  eighth  annual  convention  on 
these  points,  but  this  portion  of  the  work  was  continued  during  the 
past  year,  with  an  earnest  desire  on  the  part  of  the  Committee  to  make 
a  report  upon  the  same.  Additional  personal  letters,  with  circu- 
lars, were  sent  out  to  some  of  the  members  from  whom  no  answers 
had  been  received,  and  a  few  additional  replies  obtained.  Interest  on 
the  part  of  the  Association  with  reference  to  the  work  outlined  has 
been  so  little  that  enthusiasm  on  the  part  of  your  Committee  has  been 
rather  of  a  negative  quantity,  because  of  lack  of  material  to  work  on. 
The  Committee  hopes  at  a  later  date  to  digest  the  matter  received  from 
the  replies   obtained,  and  make   report   upon  the  same. 

At  a  meeting  held  in  Chicago,  September  9,  1907,  there  were  present 
Messrs.  Shurtleff,  Boright,  Ransom  and  Wickhorst.  At  this  meeting 
the  outline  of  work  for  the  year  was  considered  in  a  general  manner, 
and  particular  attention  was  given  to  'the  revision  of  the  material  as 
published  in  the  1907  edition  of  the  "Manual  of  Recommended  Practice." 
It  was  agreed  that  the  matter  could  be  rearranged,  condensed,  and  a 
portion  of  the  material  eliminated.  The  new  form  as  shown  under 
the  head  of  "Conclusions"   was  agreed  upon  by  the   Committee. 

Paragraphs  1   to  7  inclusive  take  the  place  of  the  material  on  page 

235  of  the  "Manual"  with  a  few  changes  in  tlie  arrangement  and  word- 
ing. The  only  portion  of  this  page  eliminated  is  the  first  portion  of 
paragraph  3,  reading,  "If  hard  water  is  used,  the  hardness  should  be 
removed."  The  reason  for  eliminating  this  is  that  no  water  should 
be  treated  unless  it  would  prove  to  be  an   economy. 

Paragraphs  4   and  5  are  worded  so  as  to  include  4  and  5  of  page 

236  of  the  "Manual"  and  thus  condense  the  material. 
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Paragraphs  8,  9  and    10  are  the   same  as    i,   2   and  3   of  page  236. 
Paragraph   11    is   the   same   as   paragraph   6  of   page   236,   with    the 
exception  of  the  following: 

"Increased  ton  mileage  per  pound  of  coal"  eliminated,  as  in  cases 
where  the  foaming  tendency  of  water  is  raised,  it  may  be  possible  to 
decrease  the  ton  mileage,  as  explained  in  the  1907  report  of  your 
Committee. 

"Decreased  number  of  locomotives  in  service,"  is  changed  to  read, 
"Decreased  number  of  locomotives  required  to  perform  the  same  serv- 
ice," as  this  better  expresses  the  idea   intended. 

"Shorter  time  required  for  locomotives  to  go  over  the  road,"  is 
eliminated,  as  the  last  clause,  "Less  expense  in  cost  of  overtime  and 
delayed  time,"  covers  this  item. 

"Better  feeling  among  the  men,  due  to  fewer  failures  and  shorter 
time  on  the  road,"  is  eliminated,  as  it  has  been  found  in  practice  that 
where  the  foaming  tendency  of  the  water  has  been  increased,  a  prejudice 
is  created  in  the  minds  of  the  enginemen  and  trainmen  against  the  use 
of  treated  water,  their  interest  in  the  economical  features  being  very 
limited. 

Paragraphs  12  and  13  are  new,  and  the  Committee  believe  them 
essential  to  properly  lead  up  to  the  conclusions  adopted  at  the  eighth 
annual   convention. 

The  first  four  paragraphs  on  page  237  are  eliminated,  as  the  con- 
clusions adopted  at  the  1907  convention  fully  cover  the  matter  shown 
on  that  page,  and  more  definitely  fix  the  methods  of  determining  the 
economy  of  water-softening. 

The  conclusions  adopted  at  the  eighth  annual  convention  to  remain 
unchanged,  and  to  follow  the  conclusions  as  arranged  by  the  Committee. 

CONCLUSIONS. 

Your  Committee  recommends  that  the  material  in  the  "Manual  of 
Recommended   Practice,"  edition  of  1907,  be  revised  to  read  as  follows : 

QUALITY    OF    WATER,    WITH    METHODS    OF    TREATMENT 
AND    RESULTS    OBTAINED    THEREFROM. 

CONCLUSIONS     AND     RECOMMENDED    PRINCIPLES     OF    PRACTICE. 

(i)  In  locating  water  stations  along  a  railroad,  an  investigation 
should  be  made  of  all  the  available  water  supplies,  and  care  should 
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be  taken  to  avoid  the  use  of  poor  water,  or  to  curtail  its  use  as  much 
as  possible. 

(2)  Most  water  used  in  locomotive  boilers  contains  scale-forming 
matter  in  solution  or  suspension,  causing  much  trouble  and  expense  in 
operating  and   maintaining   locomotives. 

(3)  Hard  water  can  be  softened  before  it  is  put  into  locomotive 
boilers  by  treating  it  with  chemicals. 

(4)  Water  whose  hardness  is  due  to  carbonates  of  lime  and 
magnesia  can  be  softened  at  a  moderate  expense  for  chemicals  by  the 
use  of  lime  alone,  without  adding  any  soluble  salts  to  the  softened 
water. 

(5)  Water  whose  hardness  is  due  to  sulphates  of  lime  and  mag- 
nesia can  be  softened,  but  at  a  greater  expense,  by  the  use  of  soda 
ash,  a  more  expensive  chemical.  In  this  case  soluble  sulphate  of  soda 
will  be  added  to  the  softened  water,   increasing  the  tendency  to   foam. 

(6)  The  mechanical  methods  of  modern  water-softeners  are  new 
and  differ  widely,  but  consist  of  two  general  types,  the  continuous  and 
the  intermittent. 

(7)  At  stations  where  hard  water  is  used,  special  study  should 
be  made  relative  to  the  economical  value  of  treating  the  water,  and 
the  method  best  adapted  to  meet  the  conditions. 

(8)  The  cost  of  installing  a  water-softening  plant  varies  according 
to  the  capacity  of  the  plant,  its  type,  cost  of  material  and  labor  in  its 
locality,  and  other  local  conditions. 

(9)  The  cost  of  operating  a  water-softening  plant  varies  according 
to  the  efficiency  of  the  water-softening  apparatus  and  the  cost  of  lime 
and  soda  ash,  or  other  chemicals  available  for  softening  water,  in  its 
locality. 

(10)  The  cost  of  chemicals  required  to  soften  waters  varies  ac- 
cording to  the  quantity  of  hardening  matter  in  the  water,  and  also  its 
composition. 

*(ii)  The  benefits  derived  from  Avater-softening  plants  are:  Fewer 
boiler  failures  due  to  leaking.  Longer  life  of  flues  and  firebox  sheets. 
Reduced  cost  of  labor  for  repairing  and  washing  boilers.  Increased 
locomotive  mileage  between  shoppings.  Decreased  number  of  locomo- 
tives required  to  perform  the  same  service.  Less  expense  in  cost  of 
overtime   and  delayed  time. 

(12)  The  removal  of  the  sulphates  of  lime  and  magnesia  is  of 
greater   value   than   the    removal   of   the   carbonates   alone,   as    the   car- 


*See  amendment,  p.  112. 
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bonates  of  magnesia,  without  the  presence  of  the  sulphates  of  lime  or 
magnesia,  do  not  form  hard  scale,  but  are  precipitated  in  the  boiler 
as  soft  scale  and  mud. 

(13)  The  greatest  disadvantage  in  treating  water  is  the  increased 
tendency  to  foam,  due  to  the  reaction  of  soda  ash  on  the  sulphates  of 
lime  and  magnesia. 

Respectfully   submitted, 

A.    K.    Shurtleff,    Office    Engineer,    Chicago,    Rock    Island    &    Pacific 
Railway,  Chicago,  111.,  Chairman. 

W.    P.    BoRiGHT,   Division    Engineer,    New   York,    Chicago   &    St.    Louis 
Railway,  Conneaut,  O. 

J.  L.  Campbell,  Engineer  Maintenance  of  Way,  El  Paso  &  Southwestern 
Railway,   El   Paso,  Tex. 

John    P.    Congdon,    Supervising    Engineer,    Oregon    Short    Line,    Poca- 
tello,  Idaho. 

J.  P.  Hallihan,  New  York,  N.  Y. 

E.   N.   Layfield,   Chief   Engineer,   Chicago   Terminal   Transfer  Railroad, 
Chicago,  111. 

C.  A.  Morse,  Chief  Engineer,   Santa  Fe  Railway,  Topeka,  Kan. 

John  P.  Ramsey,  General  Manager,  Chicago,  Peoria  &  St.  Louis  Rail- 
way,  St.  Louis,  Mo. 

C.    L.    Ransom,    Resident    Enginer,    Chicago    &    Northwestern    Railway, 
Omaha,  Neb. 

G.  J.  Ray,  Division  Engineer,  Delaware,  Lackawanna  &  Western  Rail- 
road,   Scranton,   Pa. 
•  O.    E.    Selby,    Bridge    Engineer,    Cleveland,    Cincinnati,    Chicago    &    St. 
Louis   Railway,    Cjnciimati,    O. 

M.   H.   WiCKHORST,   Engineer  of  Tests,    Chicago,    Burlington   &   Quincy 
Railway,  Aurora,  111. 

Committee. 

AMENDMENT. 

Amend  conclusion  (11)  to  read  as  follows:  "The  benefits  derived 
from  water-softening  plants  are:  Fewer  boiler  failures  due  to  leaking; 
longer  life  of  Hues  and  firebox  sheets ;  reduced  cost  of  labor  for  re- 
pairing and  washing  boilers ;  increased  locomotive  mileage  between  shop- 
pings ;  decreased  number  of  locomotives  required  to  perform  the  same 
service;  less  expense  in  cost  of  overtime  and  delays." 
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WATER    TREATMENT    AND    RESULTS    ON    THE    EL    PASO    & 
SOUTHWESTERN  RAILWAY  SYSTEM. 

The  Committee  on  Water  Service  has  been  furnished  with  data 
pertaining  to  the  subject  of  Water  Service,  which  is  considered  of  suf- 
ficient value  to  justify  publication  for  the  information  of  the  members 
of  the  Association. 

Mr.  J.  L,  Campbell,  Engineer  Maintenance  of  Way,  El  Paso  &  South- 
western Railway,  gives  some  further  information  regarding  the  method 
of  treating  water  on  that  system  by  electricity;  also  showing  the  results 
obtained  in  treating  water  by  means  of  chemicals. 

Mr.  Max  Wickhorst,  Engineer  of  Tests  of  the  Burlington  Railway 
System,  contributes  a  copy  of  instructions  to  officers  and  employes  of 
the  motive  power  department,  and  the  classification  of  waters  for  loco- 
motive boilers  employed  on  that  system.  While  other  roads  may  and 
probably  do  make  a  dififerent  classification,  the  paper  by  Mr.  Wickhorst 
is  of  value,  as  waters  are  classified  more  along  proper  lines  than  where 
classified  simply  on  the  total  incrusting  solids  contained  in  the  water,  as 
the  sulphate  of  lime  is  one  of  the  worst  materials  for  forming  hard  scale, 
the  carbonates  alone  forming  only  soft  scale  and  mud;  however,  it  should 
be  noted  that  sulphate  of  magnesia  has  been  omitted,  which  in  connection 
with  carbonates  of  lime  or  magnesia  will  form  scale. 

The  question  as  to  the  loss  of  heat  due  to  the  composition  of  scale 
is  being  seriously  investigated  by  the  State  University  of  Illinois,  and 
while  final  conclusions  have  not  as  yet  been  reached,  a  paper  was  read 
before  the  Western  Railway  Club  last  March,  which  is  considered  worthy 
of  reproduction  in  the  Bulletin. 

A.  K.  SHURTLEFF,  Chairman. 

By  J.  L.   Campbell,  Engineer  Maintenance  of  Way,  El   Paso  &  South- 
western Railway  System. 

The  writer  submits  some  tables  which  will  give  some  interesting  data 
relative  to  the  character  of  our  water  supply  and  the  treatment  necessary 
to  make  it  possible  to  use  it.  The  tables  submitted  cover  the  worst  wells 
on  our  road  east  of  El  Paso.    On  the  division  west  of  El  Paso  the  water 
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supply  is  fair  in  quantity  and  quality.  It  will  be  noted  that  after  we 
have  treated  these  exceptionally  bad  waters,  which  cover  a  distance  of 
128  miles  on  the  Eastern  division,  they  are  still  of  bad  quality,  and  as 
a  result  our  engine  tonnage  is  reduced  25  per  cent,  and  the  excess  annual 
maintenance  on  locomotives  is  approximately  $1,000  per  year  per  engine. 
Generally  we  cannot  reduce  the  incrusting  solids  in  these  bad  waters 
below  20  grains  per  gallon  without  producing  an  inadmissible  amount 
of  foaming;  consequently,  we  have  exhausted  the  practicability  of  the 
lime  and  soda  ash  treatment. 

During  the  past  year  we  have  been  experimenting  with  the  electrical 
treatment  of  some  of  these  waters.  At  Alamogordo  we  reduced  the 
incrusting  solids  from  40  grains  to  an  average  of  6  grains  per  gallon, 
and  at  Pastura  from  140  to  30  grains.  It  was  possible  to  still  further 
reduce  the  Pastura  water  by  increasing  the  intensity  of  the  electric 
current  and  the  time  of  treatment,  but  we  have  ascertained  that  the 
electrical  treatment  is  impracticable  on  account  of  the  excessive  cost,  which 
has  run  as  high  as  $1  per  thousand  gallons  for  the  worst  waters  if 
treated  down  to  10  grains  and  less  per  gallon. 

The  method  of  treatment  consisted  in  submerging  aluminum  or 
iron  plates  in  the  water  to  be  treated  and  passing  an  electric  current 
through  the  plates,  which  were  suitably  connected  up  in  series.  The 
experimental  treating  plants  consist  of  a  series  of  wooden  vats,  each 
of  which  is  divided  into  a  number  of  compartments,  each  compartment 
containing  a  large  number  of  aluminum  or  iron  plates  set  on  edge  in 
grooves  and  spaced  from  Yz  in.  to  i  in.  apart.  In  one  of  the  plants  the 
water  flowed  continuously  by  gravity  through  the  vats.  In  the  other  the 
vats  were  filled  and  the  water  remained  stationary  until  treated,  when 
it  is  emptied  and  the  vat  refilled.  For  a  number  of  reasons  the  inter- 
mittent treatment  would  probably  be  the  more  practicable  in  continued 
use.  The  aluminum  plates  experimented  with  were  about  12  in.  wide  and 
3  ft.  long;  the  iron  plates  are  about  3  ft.  square.  Both  kinds  of  plates 
are  dissolved  in  proportion  to  the  amount  of  water  treated,  and  we  find 
the  expense  of  the  renewal  of  plates  is  a  very  large  item  in  the  cost  of 
treatment.  As  a  result  of  the  experiments,  our  conclusions  are  that  the 
electrical  treatment  is  not  practicable  on  account  of  the  cost  and  the 
large  amount  of  work  involved  in  the  daily  operation,  cleaning  and  main- 
tenance of  the  experimental  plant. 

On  the  division  of  the  road  above  specified;  where  the  waters  are 
so  bad  for  a  distance  of  128  miles,  we  have  worked  out,  adopted  and 
now  are  building  a  very  radical  remedy,  which  consists  of  bringing  water 
by  gravity  from  the  White  Mountains  to  and  along  our  railroad  for  a 
distance  of  130  miles  by  means  of  a  combined  gravity  pipe  line  and  two 
pumping  plants  to  lift  the  water  over  a  divide  between  the  Rio  Grande 
and  the  Rio  Pecos  drainages.  The  water  from  the  White  Mountains 
is  of  a  very  superior  quality,  averaging  about  5  grains  incrusting  solids 
per  gallon.    This  pipe  line  will  eliminate  all  of  the  present  water  supply, 
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which  cannot  be  successfully  treated  with  lime  and  soda  ash ;  in  fact,  it 
will  eliminate  all  of  the  treaters  we  now  have,  with  one  exception.  The 
estimated  cost  of  this  supply  of  pure  mountain  water  is  $1,300,000,  but 
we  find  that  its  capitalized  value  will  be  several  times  that  amount,  from 
which  the  seriousness  of  the  water  condition  in  the  past  can  be 
judged. 

Our  present  water  supply  in  question  has  an  annual  charge  against 
it  of  98  cents  per  thousand  gallons,  which  includes  charges  for  reduced 
train  tonnage,  the  excess  annual  repairs  to  locomotives  and  incidental 
impairment  to  the  efficiency  of  the  service  generally.  We  estimate  that 
the  pipe  line  supply  of  water  will  carry  an  annual  charge  of  16  cents 
per  thousand  gallons. 


WATER    TREATING    RESULTS    ON    THE    EL    PASO    &    SOUTHWESTERN 
RAILWAY    SYSTEM. 


Station. 

Incrustlng  Solids 
Or.  per  U.  S.  Gal. 

Incrustlng  Solids 
Lbs.  per  1,000  Gals. 

Non-incrusting  Solids 
Gr.  per  U.  S.  Gal. 

Before 
Treatment 

After 
Treatment 

Before    |      After 
Treatment  1  Treatment 

Before 
Treatment 

After 
Treatment 

Santa  Rosa 

Pintado 

140.12 
80.47 
141.04 
115.18 
127.00 
179.95 
90.78 
71.87 
31.63 

14.40 

15-22 

11-15 

14-18 

13-15 

6.51-13 

15-20.89 

15-18.26 

14. 

20.03 
11.50 
20  14 

2.06 
3.31 

9.  37 

28.76 

9.42 

6.32 

10.92 

B4  51 

14.12 

7.49 

13.60 

50.16 

235.35 
66.94 

Pastura 

137  36 

Tony 

16.45              2.00 
17.28       1           .58 
25.71                 .93 
12.97      i        2.98 
10.27              2.61 
4  53      1       s>  no 

Duran  

156  61 

Galliiias 

95  46 

Three  Rivers 

Abbott 

67.77 

THREE  RIVERS. 

Water  is  furnished  by  a  gravity  pipe  line  about  two  miles  in 
length,  and  is  supplied  principally  by  springs  rising  in  the  channel 
of  Three  Rivers  Arroyo,  on  the  Coghlan  ranch.  Water-right  pur- 
chased   from    Patrick    Coghlan    April    5,    1899. 

One    50,000-gallon    wooden    tank    is     used     for    storage     purposes. 
Quality  of  water  bad.     Supply  limited,  35,000  gallons  per  24  hours. 
Treating    Plant    at    this    point    consists    of: 
Two    soo-gallon    Solution    Tanks. 
One  14,000-Gallon  Settling  Tank. 
One  16,000-Gallon  Settling  Tank. 
One    Chemical   House. 
Capacity  of  Treating  Plant  2,500  gallons  per  hour. 
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ANALYSIS. 

Parts  Per   100,000 

Salts.                                                                Treated.  Not  Treated 

Silica    1.50  1900 

Ferric   Oxide   and   Alumina i.oo  .680 

Potassium   Chloride    i-SOQ 

Sodium    Chloride    38.50  25.531 

Sodium    Sulphate    7775 

Calcium    Sulphate    11.55  85.279 

Magnesium    Sulphate    23.70  21.253 

Calcium   Carbonate    18.50  20.755 

Magnesium    Chloride    .847 

Total 172.00  157.754 

Water  of  Crystallization    4.106 

Total     172.00  161.860 
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GALLIMAS 
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ANALYSIS    OF    GALLINAS     WELL    WATER. 

Not  Treated.     Treated 
Incrusting  Solids.  Grains  Per  U.  S.  Gallon 

Calcium  Carbonate   8.25  3.40 

Calcium  Sulphate    59-6o  none 

Calcium   Chloride    none  none 

Magnesium    Carbonate    none  1.76 

Magnesium   Sulphate    21.36  14.52 

Magnesium    Chloride    none  none 

Iron   and   Alumina.^ 0.28  0.24 

Silica 1.26  0.97 

Suspended   Matter    0.03  none 

Total     90.78  20.89 

Non-Incrusiing  SoUds. 

Sodium    Sulphate     3.98  91.66 

Sodium    Chloride    3.51  3.80 

Sodium   Carbonate    none  none 

Total    7.49  95.46 

Alkalinity    8.75  10.00 

Hardness    29.00 

Carbonic    Acid    1 1.41 

Pounds  of  incrusting  solids  per  one  thousand  gallons.  12.97  2.98 
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ANALYSIS    OF    WATER    FROM    WELL    AT    MILE    POST    IQQ. 

Not   Treated.     Treated. 
Incrusting  Solids.  Grains  Per  U.  S.  Gallon. 

Calcium    Carbonate    10.45 

Calcium  Sulphate   104.39 

Calcium   Chloride    none 

Magnesium    Carbonate    none 

Magnesium    Sulphate    29.76 

Magnesium  Chloride   none 

Iron   and   Alumina 0.82 

Silica     2.33 

Suspended    Matter    32.20 

Total     17995 

Non-Incrusting  Solids. 

Sodium    Sulphate    9.44 

Sodium    Chloride 4.68 

Sodium   Carbonate    none 

Total      14.12 

Alkalinity    11.08 

Hardness    iii.oo 

Carbonic    Acid    15-32 

Pounds    of     incrusting    solids    per     one     thousand 
gallons     25.71 
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ANALYSIS    OF    DURAN    WELL    WATER. 

Not  Treated.     Treated. 
Incrusting  Solids.  Grains  Per  U.  S.  Gallon. 

Calcium    Carbonate    3.30 

Calcium    Sulphate    85.27 

Calcium   Chloride    none 

Magnesium   Carbonate    none 

Magnesium    Sulphate    34-56 

Magnesium   Chloride    none 

Iron   and   Alumina 0.70 

Silica    1.75 

Suspended   Matter    1.92 

Total    127.50 

Non-Incrusting  Solids. 

Sodium    Sulphate    50.12 

Sodium    Chloride    4.39 

Sodium    Carbonate    none 

Total    54.51 

Alkalinity     3.50 

Hardness    96.25 

Carbonic  Acid    17.40 

Pounds    of    incrusting    solids    per    one    thousand 
gallons    18.21 
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ANALYSIS    OF    PASTURA    WELL    WATER. 

Grains  Per  U.  S.  Gallon. 
Treated.    Not  Treated. 

Calcium    Carbonate    4.00  7.70 

Calcium    Sulphate    none  104.90 

Magnesium  Sulphate   5.70  23.94 

Magnesium    Chloride     none  1.95 

Sodium    Chloride    9.9S  6.32 

Iron   and   Alumina 0.19  0.77 

Carbonic   Acid    Not   det.  14-93 

Silica 0.73  1.40 

Sodium    Sulphate    127.37  none 

Alkalinity     4.66  8.16 

Suspended    Matter    0.78  0.35 

Incrusting    Solids    1 1-74  141.01 

Non-Incrusting   Solids    137-32  6.32 

Magnesium    Carbonate    0.34  none 

Pounds      of      incrusting      solids      per      1,000 

gallons     1.675-7  20.14 


ALAMOGORDO. 

At  Alamogordo  the  water  is  obtained  from  the  Alamogordo  Water 
Works  Company.  The  source  of  supply  springs  is  Alamo  Canyon,  11 
miles  distant  from  the  depot.  A  reservoir  of  one  million  gallons'  capacity 
is  located  2.8  miles  southeast  from  the  station.  The  quality  of  water  is 
good  for  this  country  and  fair  for  locomotive  use.  The  supply  is  ample. 
One  wooden  tank  of  50,000  gallons'  capacity  is  used  for  storage  purposes. 

ANALYSIS     OF    ALAMOGORDO     WATER. 

Grains  per  U.  S.  Gallon. 

Calcium  Carbonate 9.90 

Calcium  Sulphate 3.13 

Magnesium  Sulphate 6.96 

Sodium  Chloride  1.29 

Magnesium  Chloride 0.38 

Iron  and  Alumina 0.16 

Carbonic  Acid 6.02 

Silica  • 0.95 

Alkalinity  10.49 

Suspended  Matter ; 0.76 

Incrusting  Solids 22.24 

Non-Incrusting  Solids 1.29 

Pounds  of  Incrusting  Solids  per  1,000  gallons 3.18 
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ANALYSIS    OF    PIKTADO    WELL    WATER. 

Not  Treated.     Treated. 
Grains  Per   U.  S.   Gallon. 

Calcium    Carbonate    8.25  4.20 

Calcium    Sulphate    ' 50.80  none 

Magnesium     Sulphate     17-34  15-84 

Magnesium    Carbonate    none  1.09 

Magnesium    Chloride    I-85  none 

Sodium    Chloride    ._ 942  "-70 

Iron   and   Alumina 0.24  0.09 

Carbonic    Acid     10.42      Not  det. 

Silica     1.52  0.99 

Sodium    Sulphate    none  5524 

Alkalinity     8.75  5-83 

Hardness    62.78  20.04 

Suspended    Matter    0.47  0.29 

Incrusting    Solids    80.47  22.50 

Non-Incrusting    Solids 9.42  66.94 

Pounds  of  Incrusting  Solids  per  1,000  gallons 11.50  3.21 

SANTA  ROSA. 


Water  is  obtained  at  this  place  from  a  dug  well  owned  by  the 
Rock  Island  System.  Supply  is  ample,  but  of  bad  quality.  One 
wooden  tank,  capacity  50,000  gallons,  is  used  for  storage  purposes ;  this 
tank   is  the  property   of  the   Rock   Island    System. 

Treating  Plant  owned  by  the  El  Paso-Northeastern  System  con- 
sists of: 

Four  4,000-gal.  galv.  iron  Settling  Tanks. 
One  2,000-gal.  galv.  iron  Solution  Tank. 
One  i,ooo-gal.  galv.  iron  Solution  Tank. 
One  Chemical  House  I2'xi4'. 
Capacity    of    Treating   Plant    5,000   gallons    per   hour. 
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ANALYSIS    OF    SANTA     ROSA     WELL    WATER. 

Not   Treated.     Treated. 
Incrusting  Solids.  Grains  Per   U.  S.  Gallon. 

Calcium    Carbonate    9.90  0.30 

Calcium    Sulphate    100.50  none 

Calcium    Chloride    none  none 

Magnesium    Carbonate    none  g.74 

Magnesium  Sulphate   28.08  none 

Magnesium    Chloride    none  none 

Iron    and   Alumina 0.12  0.04 

Silica    1.52  0.47 

Suspended    Matter    Trace  3.85 

Total     140.12  14.40 

Non-Incrusting  Solids. 

Sodium    Sulphate    11-79  149-95 

Sodium   Chloride 16.97  19-89 

Sodium   Carbonate    none  65.51 

Total     28.76  235.3s 

Alkalinity    10.49  78.12 

Hardness     108.04  9.90 

Carbonic    Acid    16.85  Not  det. 

Pounds  of  Incrusting  Solids  per  1,000  gallons...  20.02  2.06 


ANALYSIS     OF     SAUZ     WELL     WATER. 

Calcium   Carbonate    15.10 

Magnesium   Carbonate    7.43 

Magnesium    Sulphate 9.30 

Sodium  Sulphate   ; 48.71 

Sodium  Chloride   2.62 

Iron  and  Alumina 0.17 

Carbonic   Acid 11.65 

Silica     0.76 

Alkalinity 25.36 

Suspended   Matter    1.23 

Incrusting  Solids    33.99 

Non-Incrusting  Solids    51-33 

Pounds  of  Incrusting  Solids  in  1,000  gallons 4.86 

A  rather  hard  well  water  containing  considerable  amounts  of  non- 
incrusting  solids.  It  is  readily  softened,  but  the  non-incrusting  solids  are 
high  enough  to  cause  some  trouble  from  foaming. 
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ANALYSIS    OF    ANCHO    WELL    WATER. 

Incrusting  Solids.  Grains  per   U.  S.  Gallon. 

Calcium    Carbonate    10.20 

Calcium  Sulphate   4-54 

Calcium   Chloride   none 

Magnesium  Carbonate none 

Magnesium    Sulphate    6.72 

Magnesium  Chloride    , none 

Iron  and  Alumina 0.24 

Silica 1.28 

Suspended   Matter    0.82 

Total   19.80 

Non-Incrusting  Solids. 

Sodium  Sulphate  5.25 

Sodium    Chloride    7.61 

Sodium   Carbonate    none 

Total   12.86 

Alkalinity  10.78 

Hardness    18.08 

Carbonic  Acid   4.57 

Pounds  of  incrusting  solids  per  one  thousand  gallons 2.83 

A  water  of  average  hardness,   easily   changed  to   a  first-class  boiler 
water  by  softening  process. 


WATER  FOR  USE   IN   BOILERS. 


CHICAGO,  BURLINGTON  &  QUINCY  RAILROAD  COMPANY. 

Laboratory,  Aurora,  111. — M.  H.  Wickhorst,  Engineer  of  Tests. 

Water  contains  two  classes  of  mineral  salts,  the  incrusting  and  the 
alkali  salts,  the  amount  of  which  determines  its  fitness  or  unfitness  for 
use  in  locomotive  boilers.  The  sum  of  these  would  represent  the  total 
solids  dissolved  in  the  water  and  would  be  the  residue  left  on  evaporation. 


Total  Dissolved  Solids  < 


Incrusting    Matter 
or  Total  Hardness  "^ 


Alkali    Salts. 


Carbonate  Hardness  or 
Carbonates  of  Lime  and 
Magnesium. 

Sulphate    Hardness   or 
<  Sulphate  of  Lime. 

Sodium  Sulphate. 
"  Chloride. 
"        Carbonate. 


INCRUSTING  SALTS. 

The  incrusting  salts  or  total  hardness  consist  of  the  carbonates  and 
sulphates  of  lime  and  magnesia,  and  may  be  divided  into  carbonate  hard- 
ness and  sulphate  hardness.  Carbonate  hardness  represents  the  carbonates 
of  lime  and  magnesia.  These  salts,  when  the  water  is  boiled  at  at- 
mospheric pressure,  are  precipitated  in  the  form  of  a  soft  scale  or  as 
mud,  which,  if  allowed  to  accumulate,  results  in  a  dirty  boiler  and  a 
tendency  to  foam.  Sulphate  hardness  is  sulphate  of  lime.  When  the 
water  is  boiled  at  pressures  below  sixty  pounds,  this  remains  in  solution, 
and  for  this  reason  has  been  called  "permanent"  hardness.  At  pressures 
above  this  it  separates  as  a  hard  scale  on  the  flues,  the  result  of  which 
is  continual  trouble  from  leaky  flues  due  to  overheating  of  the  metal. 


ALKALI   SALTS. 

The  difference  between  the  total  dissolved  solids  and  the  total 
hardness  would  represent  the  "alkali"  salts  or  the  sulphates,  chlorides 
and  carbonates  of  sodium.  These  salts  remain  in  solution  after  the 
water  has  been  boiled,  their  total  amount  increasing  up  to  a  certain  con- 
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centration,   when   foaming  results.     Waters   high   in   alkali   salts  are,   on 
account  of  the  tendency  to  foam,  unfit  for  boiler  purposes. 


TREATMENT. 

There  are,  then,  two  evils  that  must  be  counteracted  in  a  boiler 
water,  the  tendency  to  form  scale  and  the  tendency  to  foam.  The  scale- 
forming  evil  is  remedied  by  the  use  of  sodium  carbonate,  or,  as  it  is 
commonly  called,  "soda  ash."  This  is  one  of  the  alkali  salts  that  exists 
in  some  waters,  but  it  cannot  exist  in  the  same  water  with  sulphate 
of  lime,  as  the  two  would  react  to  form  sodium  sulphate  and  carbonate 
of  lime.  Now  if  a  water  containing  sulphate  hardness  be  treated  with 
soda  ash  this  same  reaction  takes  place  within  the  boiler,  the  carbonate 
of  lime  being  precipitated  as  a  mud  and  the  sodium  sulphate  going  into 
solution.  The  result  is  no  scale  on  the  flues,  but  the  extra  mud  and 
increase  in  total  dissolved  solids  aggravate  the  foaming  trouble.  A 
systematic  and  liberal  use  of  the  blow-off  cock  will  keep  down  the 
foaming  trouble  in  two  ways :  First,  by  removing  the  mud ;  second,  by 
reducing  the  concentration  of  the  water  or  total  dissolved  solids.  It 
has  been  determined  that  when  boiler  waters  contain  over  200  parts  per 
100,000  total  dissolved  solids  they  are  pretty  liable  to  foam. 

The  usual  practice  has  been  to  wash  an  engine  out  when  it  began 

to  get  dirty  or  shew  signs  of  foaming;  but  now  we  find  that  a  sufficient 

use   of   the  blow-off  cock,   especially   the  back   water   leg  blow-off   cock, 

-   makes  it  possible  to  avoid  serious  foaming  troubles  and  to  increase  the 

engine  mileage  between  washings  very  materially. 

All  laboratory  analyses  are  expressed  as  so  many  parts  per  100,000. 
^  This  divided  by  1.73  would  show  the  same  in  grains  per  U.  S.  gallon. 
Below  is  shown  explanation  of  analyses  represented  graphically. 


SUi./'-     /tARD_\CSfiB  HAffol    y^i.  HAL  I 
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RATING  OF  BOILER  WATER. 
The  figures  represent  parts  per  100,000  parts  of  water. 

INCRUSTING  RATING. 

(i)  Very  Good — Water  having  sodium  carbonate  and  hardness  less  than 

35- 

(2)  Good —  Water   having   sodium   carbonate   and   hardness   greater 

than  35. 
Water   having   sulphate   hardness   less   than   5   or   total 
hardness  less  than  20. 

(3)  Fair —  Water   with   sulphate   hardness   between   5   and    10   and 

total  hardness  less  than  30,  or  total  hardness  between 
20  and  30, 

(4)  Bad —  Water  with  sulphate  hardness  between   10  and   15  and 

total  hardness  less  than  50,  or  total  hardness  between 
30  and  50. 

(5)  Very  Bad —  Water  with  sulphate  hardness  greater  than   15  or  total 

hardness  greater  than  50. 

FOAMING  RATING. 

(A)  Very  Good — Alkali  salts  less  than  7. 

(B)  Good —  Alkali  salts  between    7  and  15. 

(C)  Fair —  Alkali  salts  between  15  and  25. 

(D)  Bad —  Alkali  salts  between  25  and  40. 

(E)  Very    Bad — Alkali  salts  over  40. 


*THE  HEAT  TRANSMISSION  LOSS  DUE  TO   BOILER   SCALE 
AND  ITS   RELATION  TO   SCALE  THICKNESS. 

The  following  paper  is  a  summary  of  Bulletin  No.  ii  of  the  Engi- 
neering Experiment  Station  of  the  College  of  Engineering  of  the  Uni- 
versity of  Illinois,  which  is  now  in  press.  The  data  and  results  of 
tests  cited  here  are  given  in  that  bulletin  in  somewhat  greater  detail. 

From  the  point  of  view  of  the  users  of  steam  boilers,  the  deposit 
of  scale  upon  boiler  tubes  and  sheets  has  importance  for  two  reasons : 

1.  On  account  of  its  effect  on  the  cost  of  maintenance  and  repairs. 

2.  On  account  of  its  effect  on  fuel  consumption. 

Concerning  the  first  item,  there  is  and  has  been  comparatively  little 
difference  of  opinion.  It  is  quite  generally  conceded  that  in  all  boilers 
where  scale  forms  to  such  an  extent  as  to  warrant  consideration  at  all, 
it  will  result  in  increased  leakage  of  flues,  and,  in  some  cases,  in  de- 
terioration of  the  boiler  material.  In  the  case  of  locomotive  boilers, 
the  increase  in  cost  of  maintenance  is  frequently  less  important  than 
the  loss  of  time  caused  by  withdrawal  of  the  engine  from  service. 

Were  the  second  item,  namely,  the  effect  of  scale  on  fuel  con- 
sumption, entirely  removed  from  consideration,  it  is  probable  that  the 
effect  of  scale  on  the  cost  of  maintenance  would  in  itself  provide  suffi- 
cient warrant  for  the  great  expenditure  of  energy  which  has  been  made 
to  supply  boilers  with  pure   feed  water.  . 

The  effect  of  scale  on  fuel  consumption  is,  however,  a  subject  about 
which  there  remain,  after  much  discussion,  noteworthy  differences  of 
judgment.  It  would  not  be  correct  to  imply  that  it  is  not  generally 
conceded  that  scale  reduces  the  evaporative  efficiency  of  a  boiler;  but 
the  amount  of  this  reduction  for  deposits  of  ordinary  thickness  has 
been  variously  stated  at  from  25  or  30  per  cent,  down  to  amounts  too 
small  to  be  of  commercial  importance. 

Since  the  second  meeting  of  the  American  Railway  Master  Me- 
chanics' Association  in  1869,  the  effect  of  incrustations  in  locomotive 
boilers  has  occupied  the  attention  of  that  body  at  many  of  its  annual 
meetings.  Few  attempts,  however,  have  been  made  to  actually  deter- 
'  mine  the  effect  of  scale  on  evaporative  efficiency ;  and  in  most  of  the 
reported  cases  the  data  have  been  obtained  under  circumstances  which 
render  it  impossible  to  eliminate  uncertainty  from  the   results. 

In  volume  10  of  the  Proceedings  of  the  Master  Mechanics'  Asso- 
ciation,  for  example,   there  are   reported  the  results  of   120  tests  made 


•Read  before  Western  Railway  Club  by  Prof.  E.  C.  Schmidt,  University 
of  Illinois. 
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on  the  Illinois  Central  Railroad  to  determine  the  effect  of  scale  on 
fuel  consumption.  Statistics  were  compiled  in  each  of  these  cases,  for 
the  locomotive  in  question,  for  three  months  preceding  and  for  three 
months  succeeding  the  cleaning  of  the  boiler.  For  these  120  cases  the 
general  averages  of  the  miles  run  per  ton  of  coal  before  and  after 
the  removal  of  scale  show  an  increase  in  favor  of  the  clean  boiler  of 
II   per  cent. 

It  is  not  specifically  stated  in  this  report  whether,  in  addition  to 
the  boiler  cleaning,  the  locomotives  underwent  other  repairs,  which,  in 
themselves,  would  have  tended  to  improve  their  general  efficiency.  The 
selection  of  the  miles  run  per  ton  of  coal  as  a  basis  of  comparison 
is  open  to  some  objection;  but  the  averages  of  so  large  a  number  of  tests 
covering  such  periods  of  time  would  make  this  a  fairly  acceptable  basis 
in  this  case.  Other  reported  tests  present  similar  uncertainties.  Few 
cases  are  reported  in  which  it  is  possible,  from  the  data  presented,  to 
separate  boiler  and  engine  performance.  Stationary  boiler  practice  offers 
an  opportunity  for  more  easily  obtaining  reliable  data  concerning  the 
amount  of  the  fuel  loss  due  to  scale.  Few  tests  have,  however,  been 
made  with  this  point  specifically  in  view,  and  fewer  still  are  completely 
reported. 

There  is  also  some  difference  of  opinion  about  the  relation  of  this 
fuel  loss  to  the  thickness  of  the  scale.  It  is  quite  generally  assumed 
that  the  loss  increases  directly  as  the  thickness.  A  statement  made  at 
one  of  the  early  meetings  of  the  Master  Mechanics'  Association  that 
scale  i-i6-in.  thick  results  in  an  increase  of  fuel  consumption  of  15  per 
cent,  has  obtained  wide  currency.  It  was  there  further  stated  that 
this  loss  increases  directly  with  the  scale  thickness — that  %-in.  scale 
would  cause  a  fuel  loss  of  60  per  cent.  Neither  statement  rests  on 
sufficiently  accurate  data.  The  following  statement  by  William  Kent 
in  his  "Steam  Boiler  Economy"  represents  the  opinion  of  a  consid- 
erable number  of  engineers:  "It  is  probable  that  the  decrease  of  heat 
transmitted  depends  upon  the  kind  of  scale  as  well  as  upon  its  thick- 
ness, and  that  it  is  not  proportional  to  the  thickness,  but  increases  at 
a  slower  rate." 

On  account  of  such  differences  of  opinion,  and  in  view  of  the  lack 
of  reliable  data  on  this  question,  the  Railway  Engineering  Depart- 
ment of  the  University  of  Illinois  determined  in  1898  to  undertake  a 
series  of  experiments  to  determine  the  effects  of  boiler  scale.  The 
purpose  of  these  tests  was  twofold : 

(i)  To  try  to  determine,  in  individual  cases,  the  decrease  in 
evaporative  efficiency  of  boilers  coated  with  scale — or  the  decrease  in 
conductivity  of  single  tubes  so  coated. 

(2)  To  attempt  to  establish  the  relation  between  the  loss  due  to 
scale   and  the  scale   thickness. 

Five  series  of  tests   have  been   completed,   of   which    four   are    here 
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reported.  The  first  series  consisted  in  a  number  of  tests  of  a  locomotive 
boiler  before  and  after  cleaning.  The  second,  third,  and  fourth  series 
were  laboratory  experiments  with  single  tubes. 

TEST    OF   ENGINE    NO.    42O. 

Series  No.  i  was  made  in  1898.  It  consisted  of  an  evaporative 
efficiency  test  of  the  boiler  of  Illinois  Central  Railroad  Engine  No. 
420,  before  and  after  cleaning.  As  first  tested  this  engine  had  been  in 
service  for  twenty-one  months.  After  being  cleaned  the  engine  was 
run  in  service  for  two  days  and  again  tested. 

Conditions  during  all  tests  were  maintained  uniform  in  nearly  all 
respects.  The  tests  were  made  according  to  the  boiler  test  code  of 
the  American  Society  of  Mechanical  Engineers,  the  start  being  made 
by  the  "standard  method."  All  coal,  water,  and  ash  were  weighed. 
The  same  fireman  fired  during  all  tests. 

The  average  thickness  of  the  scale  on  the  principal  heating  surfaces 
may  be  stated  as  about  3-64-in.  The  thickness  and  character  of  tube 
scale  were  as  follows : 

Near  injector  discharge — hard  and  soft  scale,  ^-in.  thick.  On 
upper  tubes — smooth,  hard"  scale,  i-32-in.  thick.  On  lower  tubes — hard 
scale,    l-i6-in.   thick. 

All  scale  removed  was  weighed.  It  was  all  removed  from  the 
tubes  and  as  much  as  possible  was  taken  from  the  shell  and  firebox 
sheets.     The  total  ainount  taken  out  of  the  boiler  was  485  lbs. 

The  results  of  the  tests  are  given  in  table  i.  The  loss  due  to 
scale  is  calculated  on  the  basis  of  the  equivalent  water  evaporated  from 
and  at  212  degrees  Fahr.  per  pound  of  dry  coal.  The  loss  amounts,  in 
this  case,  to  9.6  per  cent. 

TABLE     NO.     I. 

Results  of  Evaporation  Test  of  Locomotive  Boiler,  Engine  No.  420, 
Illinois  Central  Railroad. 

First  Series :  After  running  21  months  and  accumulating  a  scale 
deposit  1-32  to  3-64  in.  thick. 

Second  Series :     After  cleaning  and  putting  in  new  tubes. 

LABORATORY    TESTS    WITH    SINGLE    TUBES. 

The  last  three  series  of  experiments  are  referred  to  here  as  the 
series  of  1901,  1904,  and  1905.  These  tests  were  made  with  a  number 
of  single  tubes  coated  with  scale.  Their  purpose  was  to  determine  the 
difference  between  the  conductivity  of  each  scaled  tube  and  that  of 
a  clean  tube  of  the   same    length,   diameter,    and   thickness. 

The  tubes  were  removed  from  locomotives  which  had  been  in  opera- 
tion in  various  parts  of  the  South  and  Middle  West.  For  each  tube 
the  thickness  of  scale  was   determined  by   calipering  every   6  in.    of  its 
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First  Series 
Scale  in  Boiler 
Evaporative  Performance. 

Date  of   trial    (1898)  May  2        May  3 

Mean 
lbs.  lbs.  lbs. 

Water    actually    evaporated    per    lb. 

of    dry    coal 5.21  5.27  5.24 

Equivalent   water   from   and   at  212° 

F.  per  lb.  of  dry  coal 6.29  6.39  6.34 

Water    actually    evaporated    per    lb. 

of    combustible    6.17  6.25  6.21 

Equivalent   water    from  and   at  212° 

F.    per   lb.    of   combustible 7.46  7.59  7.53 

Rati  of  Combustion. 

Dry  coal  burned  per  hour — 

Per  sq.    ft.   of  grate  surface 57.45         58.51         57.95 

Per   sq.   ft.   of   tube  opening 394.80       402.10       398.40 

Per    sq.    ft    of    water    heating    sur- 
face     93  .95  .94 

Rate  of  Evaporation. 

Water  evaporated  per  Iiour   from  and 
at  212°    P.— 

Per  sq.   ft.   of  grate   surface 361.80  374.40  368.10 

Per  sq.   ft.   of   tube  opening 2480.00  2573.00  2529.00 

Per    sq.    ft.  of   water   heating    sur- 
face        r..S9  6.09  5.99 

Table  No.  i. 


Second  Series 

Clean  Boiler 

May  31 
lbs. 

June  1 
lbs. 

Mean 
lbs. 

5.81 

5.85 

5.83 

6.99 

7.04 

7.01 

6.95 

7.16 

7.05 

8.36 

8.61 

8.48 

59.80 

60.00 

59.90 

411.00 

412.80 

411.90 

.97 


6.81 


.98 


.97 


418.00      416.00      417.00 
2874.00    2857.00    2865.00 


6.76 


6.79 


length.  The  scale  was  examined  and  characterized  as  either  hard,  soft, 
or  medium;  and  for  each  tube  a  chemical  analysis  was  made  of  the 
scale.  Table  2  presents  data  concerning  the  tubes  and  the  results  of 
the  scale  analyses  are  given  in  table  3. 


DESCRIPTION    OF    APPARATUS. 

The  apparatus  in  which  the  tubes  were  tested  may  be  roughly  des- 
ignated as  a  single-tube  boiler  or  heater,  and  is  shown  in  Figs,  i  and 
2.  It  consists  essentially  of  a  long  water  chamber,  through  which  the 
tube  to  be  tested  was  passed,  and  through  which  water  was  circulated. 
At  one  end  of  this  water  chamber  was  fastened  a  combustion  chamber 
with  which  the  tube  communicated.  The  heat  delivered  to  the  tube 
was  supplied  by  the  combustion  of  gas  in  this  chamber.  The  heat  ab- 
stracted from  the  tube  was  determined  by  weighing  the  water  which 
passed  around  the  tube  and  through  the  water  chamber,  and  by  noting 
its  rise  in  temperature.  For  each  series  of  tests  the  gas  and  air  needed 
for  combustion  were  delivered  to  the  burner  at  constant  pressure  for 
all  tests,  and  in  approximately  the  same  amounts. 

Fig.  I  shows  the  general  arrangement  of  the  apparatus.  The  water 
chamber  shown  at  the  right  consisted  of  a  piece  of  pipe  with  flanged 
heads.  A  stuffing  box  in  each  of  these  heads  permitted  the  tubes  to 
be  easily  put  in  position.  The  tank,  shown  above  the  water  chamber, 
furnished  the  water  supply  and  was  arranged,  as  indicated,  to  maintain 
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a  constant  head  on  the  water  chamber  inlet.  In  the  combustion  cham- 
ber, immediately  in  front  of  the  entrance  to  the  tube,  was  placed  the 
pyrometer,  and  the  burner  was  located  at  the  opposite  end.  Air  and 
gas  were  supplied  to  the  burner  from  the  tanks  at  the  left.  Each  of 
these  was  a  small  gas  holder,  consisting  of  an  inner  tank  open  at  the 
bottom  and  floating  on  water  contained  in  the  outer  tank.  The  pre:>- 
sure  of  the  air  or  gas  contained  in  the  inner  vessel  could  be  varied  at 
will  by  weighting  the  holder.  For  the  series  of  1901  a  copper  bail 
pyrometer  was  used.  In  the  series  of  1904  and  1905  this  was  replaced 
by  a  Le  Chatelier  pyrometer.  Except  as  regards  the  pyrometer,  the 
apparatus  was  essentially  the  same  in  all  three  series. 

METHODS      OF      TEST      AND      RESULTS. 

After  adjusting  the  supply  of  water  to  the  water  chamber,  the 
burner  was  lighted  and  the  flow  of  gas  and  air  regulated  to  the  desired 
amounts.  The  apparatus  was  then  allowed  to  run  until  all  conditions 
had  become  stable.  This  usually  required  about  one  hour,  at  the  end 
of  which  period  the  test  was  started.  Observations  were  taken  at  5 
or  10  minute  intervals,  of  the  temperature  of  the  gases  at  entrance  to 
the  tube,  and  at  exit,  as  well  as  of  the  water  temperature  at  entrance 
and  exit  of  the  water  chamber.  The  amount  of  water  used  was  deter- 
mined  by   weighing. 

The  results  of  all  tests  are  given  in  table  4.  The  .purpose  of  \he 
tests  was  to  determine  the  number  of  British  thermal  units  trans- 
mitted per  hour  through  each  tube.  This  equals  the  weight  of  water 
circulated  multiplied  by  its  rise  in  temperature,  and  these  amounts  are 
given  in  column   13  of  table  4. 

FIG.    2. — PHOTOGRAPH    OF    APPARATUS 

Had  the  mean  temperature  of  the  gases  within  the  tube  and  the 
mean  temperature  of  the  surrounding  water  both  remained  constant 
throughout  all  the  tests,  these  amounts  of  B.  T.  U.  actually  trans- 
mitted, as  given  in  column  13,  would  provide  a  proper  basis  of  com- 
parison for  determining  the  effect  of  scale.  These  mean  temperatures, 
however,  varied  somewhat,  as  may  be  seen  by  an  inspection  of  columns 
6  and  9.  These  variations  necessitate  a  correction  of  the  figures  in 
column   13. 

The  conductivity  of  the  tube,  or  the  B.  T.  U.  transmitted  per  unit 
of  time,  varies  directly  as  the  range  of  temperature  between  the  inner 
and  outer  tube  surfaces.*  This  range  of  temperature  is  the  difference 
between  the  mean  temperature  of  the  water  and  the   mean  temperature 


♦Preston — Theory  of  Heat.  Edit.  1904,  p.  629:  "In  estimating  tiiis  quan- 
tity of  heat,  the  first  principle  that  we  malie  use  of  is,  that  the  quantity  of 
heat  which  flows  through  such  a  wall  is  directly  proportional  to  the  differ- 
ence of  temperature  of  its  faces," 
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Fig.    2 — Phutugkaph    of    Apparatus. 


of  the  gases.  Its  values  are  given  in  column  12.*  The  amount  of  heat 
actually  transmitted  during  each  test  is  therefore  reduced  to  what  it 
would  have  been,  had  this  range  during  all  tests  been  the  same  as  the 
average  range  existing  during  the  tests  of  the  clean  tube.  Column  14 
gives  the  values  thus  derived,  and  these  derived  figures,  compared  with 
the  heat  transmitted  through  the  clean  tube,  give  the  effect  of  the  scale 
in  each  case.  The  difference  between  the  heat  transmitted  through 
the  scaled  tube  and  that  transmitted  through  the  clean  tube,  expressed 
in  per  cent,  of  the  latter,  is  given  in  column  15.  The  figures  in  this 
column  represent  the  losses  due  to  scale.t 

•The  arithmetical  mean  of  these  entrance  and  exit  temperatures  is  not 
the  true  average  temperature  of  the  gases  and  of  the  water  during  the 
period  of  test.  For  the  conditions  of  the  tests,  however,  no  appreciable 
error  is  introduced  by  the  assumption  that  this  is  so,  and  the  calculations 
are  simplified. 

tConsidering  the  series  of  1901,  tube  11,  test  24,  the  calculations  are  as 
fo"ows:  CTean  Tuba 

Tube  11.  Average. 
Range  of  temperature — difference  between   mean   temperature 

of  gases  and  mean   temperature  of  water 890.2        874.0 

B.  T.  U.  actually  transmitted 26809.      29874.0 

B.  T.  U.  which  would  have  been  transmitted  had  the  range  of 
temperature   for   tube    11   been   the   same   as   for    the    clean 
874.0 

tube  =  26809  X =     26321. 

890.2 

29874  —  26321 

Loss   due   to   scaler — ^  =: , ,,,,,,,,,,,      11,9% 

29874 
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In  table  No.  5  there  is  given  a  summary  of  the  data  and  results 
of  these  tests.  In  this  table  the  average  loss  due  to  scale  is  given 
for  each  tube,  together  with  its  thickness  and  some  of  the  chemical 
constituents  of  its  scale.  From  table  5  there  have  been  plotted  four 
diagrams — Figs.  3,  4,  5,  and  6 — which  exhibit  the  loss  due  to  scale  in 
relation  to  its  thickness,  its  structure,  and  its   chemical  composition. 

Fig.  3  shows  the  loss  due  to  scale  plotted  with  reference  to  its 
thickness.  Fig.  4  is  identical  with  Fig.  3,  except  that  the  letters  H,  S, 
or  M,  have  been  added  at  the  various  points  to  indicate  that  the  scale 
is   either   hard,   soft,  or   medium. 

In  Fig.  5  the  loss  is  plotted  with  reference  to  the  sum  of  the  per- 
centages of  calcium  carbonate  and  magnesium  carbonate,  and  in  Fig. 
6  this  loss  is  plotted  with  reference  to  the  amount  of  (*lcium  sulphate. 

In  the  series  of  1901  there  are  a  few  tests  which  indicate  an  in- 
crease of  conductivity  of  the  scaled  tube  as  compared  with  the  clean 
tube.  These  are  perhaps  to  be  accounted  for  by  errors  in  conducting 
the  experiments,  although  they  could  not  be  detected  at  the  time  the 
experiments  were  made.  The  apparatus  used  in  1904  and  1905  was 
improved  in  some  particulars,  the  most  important  change  being  in  the 
means  for  the  measurement  of  furnace  temperatures.  Such  discrep- 
ancies  disappear  in  the   later   series. 

When  the  experiments  were  planned  it  was  considered  probable 
that  the  transmission  of  heat  through  the  scale  was  principally  de- 
pendent upon  two  of  its  characteristics,  namely,  its  thickness  and  its 
mechanical  structure,  and  that,  probably,  for  such  thicknesses  as  are 
usually  met  with,  thickness  had  greater  influence  than  structure.  Thick- 
ness was  therefore  carefully  determined  and  structure  approximately 
designated  as  in  table  2,  as  hard,  soft,  or  medium,  no  more  exact  charac- 
terization of  structure  being  possible  with  tubes  collected  from  different 
sources,    as   these   were. 

If  was  hoped  that  the  experiments  might  develop,  if  only  approxi- 
mately, some  law  of  variation  of  conductivity  with  thickness.  After 
making  due  allowance  for  possible  errors  due  to  the  method  of  conduct- 
ing the  tests,  consideration  of  Fig.  3  shows  perhaps  a  decrease  of  con- 
ductivity with  thickness ;  but  certainly  no  regularity  of  variation.  In 
Fig.  4  the  loss  in  heat  transmission  is  again  plotted  with  reference  to 
thickness;  and  the  structure  of  the  scale,  in  so  far  as  it  was  determined, 
is  indicated  as  previously  explained.  No  regularity  of  variation  is  ob- 
servable with   respect   to   hardness   or    softness. 

In  considering  Figs.  3  and  4  it  must  be  borne  in  mind  that  the 
tubes  tested  were  taken  from  locomotives  which  had  been  in  service 
in  different  parts  of  the  country,  and  that  the  scale  on  each  tube  was 
made  up  of  the  mineral  constituents  of  many  different  water  supplies. 
What  is  designated  as  hard  scale  in  one  case  may  be  very  different 
in  structure — in  porosity,  for  example — from  what  is  designated  as  hard 
scale  on  another  tube-    Fig.  4  cannot  therefore  be  considered  as  pro- 
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viding  conclusive  evidence  concerning  variation  of  conductivity  with 
structure.  The  results  may  properly  be  interpreted  as  indicating  tha' 
mechanical  structure  is  at  least  as  important  a  factor  in  the  change 
in  heat  transmission  due  to  scale  as  is  the  mere  thickness.  Such  a 
conclusion  is,  of  course,  in  accord  with  the  facts  concerning  other  heat 
insulators.* 

Figs.  5  and  6,  in  which  the  loss  in  heat  transmission  is  plotted 
with  reference  to  the  principal  chemical  constituents  of  the  scale,  do 
not  warrant  the  conclusion  that  its  chemical  composition  has  any  direct 
influence   on  its  conductivity. 

From  the  point  of  view  of  the  physicist,  the  experiments  are  open 
to  objection  as  to  method.  From  the  engineer's  viewpoint,  it  is  believed 
that  the  possible  errors  of  the  experiments  do  not,  by  any  means, 
account  for  all  the  irregularity  in  the  plotted  results ;  and,  considering 
the  controversy  upon  this  subject  and  the  comparatively  meager  infor- 
mation available,  it  is  deemed  proper  to  publish  at  this  time  the  results 
as  they  stand,  in  the  hope  that  they  contribute  additional  information 
which   may   be   of   interest   in    some   quarters. 

CONCLUSIONS. 

In  so  far  as  generalization  is  warranted,  we  may  sum  up  the  re- 
sults of  the  tests  in  the  following  conclusions : 

(i)  Considering  scale  of  ordinary  thickness — say,  of  thicknesses 
varying  up  to  ^-in. — the  loss  in  heat  transmission  due  to  scale  may 
vary  in  individual  cases  from  insignificant  amounts  to  as  much  as  lo 
or  12  per  cent. 

(2)  That  the  loss  increases  somewhat  with  the  thickness  of  th.* 
scale. 

(3)  That  the  mechanical  structure  of  the  scale  is  of  as  much  or 
more  importance  than  the  thickness  in  producing  this  loss. 

(4)  That  chemical  composition,  except  in  so  far  as  it  affects  the 
structure  of  the  scale,  has  no  direct  influence  on  its  heat-transmitting 
qualities. 


*In  discussing  the  effect  of  structure  it  seems  to  be  quite  generally 
assumed  that  hard  scale  will  reduce  the  conductivity  of  the  tube  more  than 
soft  scale.  This  assumption,  moreover,  is  generally  made  without  the 
reasons  or  data  being  adduced.  It  may  eventually  prove  to  be  correct  but 
there  are  reasons  for  anticipating  that,  when  the  matter  is  settled  experi- 
mentally,  we  may  find  that  soft  scale  will  cause  the  greater  loss 

Water  and  vapors  are  known  to  be  poor  heat  conductors.  Experiments 
on  the  conductivity  of  metals  by  Fourier  and  others,  in  which  the  heat 
transmitted  was  measured  by  its  absorption  in  water,  proved  that  unless  care 
was  exercised  to  constantly  remove  the  film  of  water  next  the  metal  the  low 
conductivity  of  this  water  layer  so  affected  the  results  as  to  make'  it  diffi- 
cult to  distinguish  the  effect  of  differences  in  thickness  and  nature  of  the 
metals  themselves. 

It  seems  probable  that  soft,  porous  scale  would  more  effectively  retain 
against  the  tube  surface  such  a  layer  of  water  or  vapor  of  low  conducting 
power.  Such  facts  seem  to  indicate  that  we  should  accept  with  caution  the 
assumption  that  hard  scale  will  cause  a  greater  loss  than  soft  scale 
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TABLE    NO.     2— THE    TRANSMISSION    OF    HEAT    THROUGH    SCALE- 
COVERED  BOILER  TUBES. 


L  C.  R.  R.... 
P.  &  E.  Ry... 
P.  &  E.  Ry... 
C.  M.  &  St.  P 
C.  M.  &  St.  P 
I.  C.  R.  R.... 
P.  &  E.  Ry... 


9  C.  B.  &  Q.. 
U  I.  C.  R.  R.. 
14     P.  &  E.  Ry.. 


7a  C 

7b  C 

8a  C. 

8b  C. 

9  I. 

10  I. 

11  I. 

12  I. 
IS  I. 


C.  R.  R.. 
C.  R.  R.. 
C.  R.  R.. 
C.  R.  R.. 
C.  R.  R.. 
C.  R.  R.. 
C.  C.  &  St 
C.  C.  &  St 
C  C.  &  St 
C.  C.  &  St 
C.  R.  R.. 
C  R.  R.. 
C.  R.  R.. 
C.  R.  R.. 
C.  R.  R.. 


f=^ 

m 

OE-, 

•1° 

meter 
nches 

icknes 
nches 

Remarks. 

If 

tside  Dia 
Tube— I 

erage  Th 
Scale— I 

General  Character  of  Scale,   Etc 

!^-| 

hJcn 

O'o   <  o 

311  10.5 

526  13.5 
536      5.5 

.    126  .... 

.1,337  .... 

.    820      5.5 

513  37.5 

.1,179  .... 

,1,107  21. 


41  16 

-  41  16 

41  16 

141  15 

141  15 

141  15 

540  .. 

540  .. 

540  .. 

540  .. 

440  '.'. 

440  .. 

440  .. 


T 

C.  R,  R 

.    136 
.    802 
.    533 
.    233 
.1,424 
.    233 
.    140 
.    303 
.1,004 
.1,012 

18 

T 

C,  R.  R 

8 

C. 
C. 
T 

C.  C  &  St. 
C    C.  &  6t. 
C  R.  R 

L 
L 

10 
14 
10 

C. 
I. 
I. 
I. 
I. 

C  C.  &  St. 
C.  R.  R.... 
C.  R.  R.... 
C.  R.  R.... 
C.  R.  R.... 

L 

14 
21 
18 
21 
12 

6 


SERIES  OF  1901. 

2.0    0.06     Eren,  hard,  dense. 

Soft,  porous,  removed  in  places. 

Hard,  dense  white. 

Hard,  dense  white. 

Hard,  dense. 

Mileage  during  service,   19,690. 

Hard,  dense,  rough,  one  end.     Soft,  por- 
ous at  the  other. 

Hard,  porous,  gray.     Mileage,  50,889. 

Soft,   porous. 
New  and  clean  tube. 


2.0  0.04 

2.0  0.02 

2.0  0.03 

2.0  0.13 

2.0  0.07 

2.0  0.04 

2.0  0.11 

2.0  0.09 

2.0  .... 


SERIES  OF  1904. 

2.0  0.04  Hard,  gray.     In  bad  condition. 

2.0  0.07  Loose,  gray. 

2.0  0.08  Loose,  gray. 

2.0  0.05  White,  porous.     'Removed  in  places. 

2.0  0.04  White,  porous.     Removed  in  places. 

2.0  0.08  White,  porous. 

2.0  0.06  White,  soft,  irregular. 

2.0  0.06  White,  soft,  irregular. 

2.0  0.05  Hard,   white,   irregular. 

2.0  0.04  Hard,  white. 

2.0  0.06  Hard. 

2.0  0.03  Hard,  gray. 

2.0  0.09  Gray,  porous. 

2.0  0.03  Gray,  iiorous. 

2.0  ....  Clean  tube. 

SERIES  OF  1905. 

2.0  0.07  Medium. 


2.0 

0.05 

Hard. 

2.0 

0.03 

Soft. 

2.0 

0.09 

Very  soft. 

2.0 

0.07 

Soft. 

2.0 

0.04 

Very  soft. 

2.0 

0.07 

Hard. 

2.0    0.02      Hard. 
2.0     0.04     Medium. 
2.0    0.03     Very  hard. 


2.0 


Clean  tube. 
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TABLE    NO.    3— THE    TRANSMISSION    OF    HEAT    THROUGH    SCALE- 
COVERED  BOILER  TUBES. 

Chemical  Analyses  of  Scale 
Constituents  of  Scale Amount  in  Percent 


v  o  3  o-  -2  ."H  ^                 O                                   -- 

S  v.'c  ;«  U  O  §                5                .,             ^:^ 

^  2^  3D  g  II                        u                         3                    •- 

S  <j  "S-^  !5  'J  '"  to             t*             •-            S. 

3  :•=  '^^  "  «  «  5          ^           a          ^ 

12. 3  45  6  78                 9              10 

SERIES  OF  1901 

1  7.00  8.32  16.78  47.16          1.30  11.:.'0            1.18           7.06 

2  5.68  8.98  27.30  22.27  10.45          15.82            1.14           8.34 

3  9.24  10.98  2.04  59.75  0.62          10.18           0.64           6.55 

4  9.80  15.92  25  86  23.20  3.02          13.16           1.42           7.62 

5  10.00  7.00  14.35  50.30          8.40           7.30           0.84           1.81 

6  7.42  4.26  16.08  51.44          1.53  11.25           1.19           6.83 

7  12.22  5.38  17.70  37.02          0.79  16.76            1.68           8.50 

9  12.46  11.24  36.85  21.37          3.13           0.72            1.02          13.21 

11  17.82  10.32  5.06  37.50  6.70          13.92           2.25           6.43 

SERIES  OF  1904  , * , 

1  26.04  10.80  1.30  27.50  3.84          23.07                    7.39 

2  17.21  8.02  18.50  11.52          15.61  21.74                    7.40 

3  15.10  395  21.93  10.48          11.06  25.28                 12.20 

4  ■     8.99  1.90  22.81  40.11          14.11           0.50                   2.58 

5  9.11  2.20  47.96  16.85          2.46  11.76                   9.66 

6  12.10  2.60  54.99  10.78          4.63           9.57                   5.33 

7a  12.93  1.35  21.83  31.14          5.14  15.94                 11.67 

7b  12.93  1.35  21.83  31.14          5.14  15.94                 11.67 

8a  12.70  2.33  35.05  17.03  .....  3.99  17.85                 11.05 

8b  12.70  2.33  35.05  17.03          3.99  17.85                 11.05 

9  23.52  7.20  6.56  37.56  3.48          5.59                  16.09 

10  10.05  6.47  11.71  50.98          7.33           4.94                   8.52 

11  9.75  2.08  6.05  54.71          5.72           6.43                 15.26 

12  7.98  4.68  8.89  55.61          11.36           3.75                   7.73 

SERIES  OF  1905 

3  7.09  5.05  17.16  19.45          0.77  34.10           0.58          15.80 

4  6.92  3.57  21.57  3.61  25.61          1.85           0.56          36.31 

8  6.61  1.34  0.62  74.26          0.15  10.87            0.68           5.47 

9  8.44  2.52  12.59  56.80          0.33  11.43           0.87           7.02 

10  3.33  1.43  5.82  67.99  1.64          11.11           0.48           8.20 

11  7.09  2.30  14.87  58.18          2.22           8.26           0.75           6.33 

12  27.72  9.53  12.11  10.05  0.24          29.90           1.07           9.38 

13  9.54  10.38  8.41  9.67  3.87          39.09           0.71          18.33 

14  16.87  4.73  2.22  40.30  6.06          19.25           0.83           9.74 

15  24.03  12.69  1.46  31.37  0.35          20.91           1.45           7.74 
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TABLE    NO. 


4— THE    TRANSMISSION    OF    HEAT    THROUGH    SCALE- 
COVERED  BOILER  TUBES. 
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TABLE  NO.   4— CONTINUED. 
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TABLE  NO.    5- 


-SUMMARY— THE   TRANSMISSION   OF  HEAT   THROUGH 
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DISCUSSION. 

The  President :— The  next  business  is  the  report  of  the  Committee 
on  Water  Service,  Mr.  A.  K.  Shurtlefif,  Chicago,  Rock  Island  &  Pacific 
Railway,  chairman. 

Mr.  A.  K.  Shurtlefif  (Chicago,  Rock  Island  &  Pacific)  :— The  Water 
Service  Committee  this  year  had  hoped  to  make  a  more  complete  report 
upon  the  points  which  the  Board  of  Direction  had  asked  it  to  investi- 
gate, but  owing  to  reasons  which  we  will  not  rehearse,  but  which  are 
shown  in  the  first  paragraph  of  the  report,  we  were  obliged  to  go  back 
into  ancient  history.  The  chairman  of  this  Committee  has  never  been 
a  superstitious  man,  but  it  seems  that  the  number  of  the  report,  13,  and 
the  last  two  figures  on  his  badge,  23,  have  been  a  sort  of  hoodoo  to  the 
Committee.  We  went  back  and  considered  what  had  gone  before;  we 
confined  our  work  to  a  revision  of  the  Manual.  We  eliminated  very 
little  of  the  conclusions  appearing  in  the  Manual  of  1907,  but  we  con- 
densed the  matter  very  considerably  and  added  a  number  of  paragraphs 
to  it. 

The  President : — The  Secretary  will  read  the  Committee's  con- 
clusions paragraph  by  paragraph. 

(The  Secretary  read  the  conclusions.) 

Mr.  Shurtlefif: — I  wish  to  state  that  the  conclusions  adopted  at  the 
meeting  of  1907  would  follow  these  conclusions,  and  I  would  move  the 
adoption  of  these  conclusions. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines  West)  : — I  do  not  like  the 
words  "delayed  time,"  in  conclusion  11.  Is  there  not  some  other  way  the 
Committee  can  express  its  meaning  without  using  those  words? 

Mr.  Shurtlefif: — I  think  we  could  eliminate  the  words  "delayed  time" 
entirely  from  the  conclusion.  I  think  we  will  express  the  full  meaning  if 
we  say,  "less  expense  in  cost  of  overtime." 

Mr.  Cushing: — "Less  expense  in  cost  of  overtime  and  delays,"  I 
think,  would  be  good,  and  I  would  make  that  motion. 

Mr.    Shurtlefif: — The    Committee    will   accept   the   amendment. 

The  President : — The  conclusions  as  thus  amended  are  before  you 
for  adoption  on  the  motion  of  the  chairman  of  the  Committee. 

(The  motion  was  carried.) 

The  President : — The  Committee  is  dismissed  from  further  duty  at 
this  time,  with  the  thanks  of  the  Association. 
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Mr.  J.  L.  Campbell  (Engineer  Maintenance  of  Way,  El  Paso  & 
Southwestern  System — by  letter)  : — Referring  to  our  water  service  on 
the  El  Paso  &  Southwestern,  about  which  the  writer  has  heretofore 
given  some  information,  as  published  in  Association  Bulletin  91  of 
September,  1907,  he  gives  herewith  some  statements  and  illustrations, 
giving  specific  data  regarding  the  construction,  operation  and  results 
obtained  with  our  experimental  electrical  treatment  of  water  at  the 
Alamogordo   Water   Station. 

Alamogordo  is  not  situated  in  the  zone  of  extremely  bad  water 
between  Carrizozo  and  Santa  Rosa  which  we  have  recently  eliminated 
by  the  introduction  of  a  new  supply  by  means  of  a  pipe  line,  briefly 
referred  to  in  the  Bulletin  above  mentioned.  Our  water  supply  at 
Alamogordo  is  secured  by  gravity  from  the  town  of  Alamogordo,  which 
brings  the  water  down  from  the  Sacramento  Mountains  by  gravity 
through  a  pipe  line.  For  treatment  in  the  electrical  plant  this  water 
is  delivered  to  the  receiving  tank  direct  from  the  city  pressure  and  is 
pumped  from  the  settling  basin  after  treatment  through  a  Jewell  hlter 
to  the  railroad  service  tank. 

The  results  of  the  treatment  are  quite  satisfactory,  except  the  matter 
of  cost.  The  incrusting  properties  of  the  untreated  water  are  very 
materially  reduced,  without  adding  to  its  foaming  propensities,  as  in 
the  case  of  treatment  by  soda  ash  or  caustic  soda.  Ihe  Alamogordo 
water,  however,  can  be  very  economically  softened  by  the  use  of  lime, 
without  the  addition  of  soda  ash.  Up  to  the  present  time,  the  elec- 
trical power  supplying  the  current  has  been  purchased  at  the  rate  of 
y^  cent  per  horsepower  hour,  but  in  the  future  this  will  cost  1^2  cents 
per  horsepower  hour.  This  will  add  7)4  cents  per  1,000  gallons  treated 
to  the  present  cost  of  47.9  cents.  There  are,  however,  economies  which 
we  could  introduce  in  the  permanent  operation  of  the  plant,  which  would 
probably  more  than  offset  the  increased  cost  of  power.  Apparently, 
however,  it  would  not  be  safe  to  assume,  at  the  present  time,  that  we 
could  reduce  the  cost  much  below  45  cents  per  1,000  gallons. 

For  the  exceptionally  bad  waters  of  the  original  supply,  which  are 
now  eliminated  by  the  pipe  line  supply  above  mentioned,  the  successful 
treatment  by  electricity  would  cost  twice  as  much  as  the  treatment  at 
Alamogordo.-  In  fact,  we  have  not  yet  successfully  demonstrated  that 
water  containing  as  high  as  100  to  150  grains  of  incrustating  and  foam- 
ing solids  can  be  successfully  treated  by  electricity,  although  the  indica- 
tions are  that  it  would  be  practicable  to  secure  results  as  good  as  those 
obtained  by  the  lime  and  soda  ash  treatment,  but  at  a  greatly  increased 
cost.  The  experience  which  we  have  had  with  the  experimental  plant 
to  date  has  suggested  improvements  which  we  could  make  in  future 
construction  and  operation  of  plants  of  this  class.     The  blueprints  show 
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the  plans  on  which  the  plant  was  originally  constructed  and  has  been 
operated. 

From  the  financial  standpoint  it  docs  not  appear  at  present  that  we 
can  afford  to  continue  the  electrical  treatment  in  competition  with  lime 
and  soda  ash,  although  the  results  obtained  by  electricity  on  water  that 
contains  a  large  amount  of  foaming  solids  would  be  very  much  better 
than  with  lime  and  soda  ash.  The  tabulated  statement  herewith  and 
the  specific  data  relative  to  the  plant  have  been  prepared  by  our  Mr. 
H.  W.  Cutshall,  Superintendent  of  Electrical  Installation  and  Operation : 

"The  construction  of  this  plant  is  three  parallel  tanks,  79  ft.  3J/2  in. 
in  length  and  5  ft.  2  in.  in  width,  subdivided  mto  25  vats,  each  of  the 
following  dimensions :  5  ft.  2  in.  long,  36]^  in.  wide  and  3  ft.  5J/^  in.  deep. 
These  tanks  and  vats  are  constructed  of  clear  yellow  pine,  matched  lum- 
ber. The  sides  of  each  vat  are  provided  with  horizontal  strips  J^  in.  x 
I  in.,  'spaced  i  in.  from  center  to  center.  This  leaves  a  slot  J4  i"- 
between  each  strip,  allowing  the  insertion  of  60  steel  plates  No.  14 
gage,  36  X  36  in.  These  steel  plates  are  provided  with  copper  connecting 
strips  attached  to  the  top  and  12  in.  from  the  side,  each  plate  being  so 
placed  that  the  copper  strips  alternate,  leaving  a  space  of  12  in.  between 
them.  These  copper  strips  are  connected  by  rods  ^  in.  in  diameter, 
5  ft.  6  in.  in  length,  fitted  with  sleeves  of  ^-in.  copper  tubing,  spaced 
approximately  2  in.  apart  and  secured  by  wing  nuts  at  each  end  of  the 
rod,  which  allow  the  fastening  of  the  electrical  conductors  as  well  as 
clamp  the  plate  connecting  strips.  This  arrangement  makes  two  con- 
necting rods  to  each  tank  of  60  plates,  making  30  plates  to  each  rod. 

"In  wiring  for  the  electrical  connection,  four  sets  of  plates  in  four 
consecutive  vats  are  connected  in  multiple,  and  these  four  are  then 
connected  in  series  with  the  two  adjacent  tanks  on  either  side.  In  oper- 
ation the  two  tanks  of  25  vats  each  containing  a  total  of  3,000  steel 
plates  are  connected  electrically,  so  that  the  positive  current  passes 
through  one  tank,  the  water  forming  the  passage  for  electric  current 
between  the  series  connected  plates  and  vats,  thus  allowing  the  positive 
current  to  pass  in  at  one  end  of  the  tanks  and  the  negative  current 
at  one  end  of  the  other  tank,  the  current  becoming  neutralized  near 
the  junction  of  the  two  tanks. 

"Switches  for  controlling  the  electric  current  are  so  arranged  that 
any  two  of  the  tanks  may  be  used  together  while  the  third  one  is 
emptying.  The  total  capacity  of  each  tank  is  7,200  gallons,  allowing 
14,400  gallons  to  be  treated  at  one  time.  The  voltage  used  is  no  or  115 
direct   current. 

'^The  electrical  action  on  the  plates  is  most  marked  upon  the  posi- 
tive, which  after  a  short  time  becomes  bright,  as  if  polished,  while  upon 
the  negative  plates  a  sort  of  slime  or  sludge  is  collected ;  this  is  caused 
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by  the  chemical  properties  combining  with  what  little  organic  matter 
may  be  found  in  the  water.  All  of  the  heavier  matter  drops  to  the 
floor  of  the  tank,  while  a  great  amount  of  matter  remains  suspended 
in  the  water  which  afterward  settles  in  a  large  settling  tank  provided 
for  that  purpose. 

"During  the  process  of  treatment  it  is  found  that  the  consumption 
of  the  plates  is  greater  where  the  current  passes  between  the  series  con- 
nections of  the  plates,  and  where  the  sediment  dropping  to  the  bottom 
of  the  tank  rests  high  enough  to  form  a  partial  electrical  connection 
between  the  plates.  The  benefit  derived  from  electrical  treatment  lies 
in  the  fact  that  when  the  current  passes  from  the  plates  through  the 
water  hydrate  of  iron  is  liberated,  which  causes  a  precipitation  of  all 
incrustating  solids  contained  in  the  water. 

"From  the  chemical  analysis  it  is  found  that  calcium  carbonate,  cal- 
cium sulphate,  magnesium  sulphate  and  silica  are  all  reduced  very  much. 

Description  of  Electric  Treating  Plant. 

No.  of  Tanks   3 

No.  of  Vats  75 

Capacity  of  each  Tank   7,200  gals. 

No.  of  Gage  14,  36  x  36  in. 

Steel   Plates  4,500 

No.  of  Plates  per  tank 1,500 

No.  of  Plates  per  vat 60 

Total  Weight  of  Plates   125,370  lbs. 

Weight  of  Single  Plate   27.84 

Direct  Current  Voltage  115 

Month's  Run. 

Amount  treated   1,562,400  gals. 

No.  tanks  treated  in  29  days 217 

Total  electric  horsepower  hours 15,650 

Total  consumption  of  plates   9,360  lbs. 

Loss  on  single  plate   2.08  lbs. 

Run  per  1,000  Gallons. 

Electric  horsepower  hours  1,000  gals 10  horsepower 

Loss  of  iron  per  1,000  gals 6.6^  lbs. 

Average  time  of  treatment  '. 4.5  hours 

Voltage  at  start   115 

Amperes  at  start   230 

Amperes  after  4.5  hours 195 

Average  voltage   112 

Gallons  treated  in  test 14,400 
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Cost  per  1,000  Gallons  Treated. 

Electric  power   $0,075 

Labor 108 

Fuel    018 

Plates   actually  consumed    212 

Loss  by  unserviceable  part  of  plate  left  at  end  of 

ten  months    066 


Cost  of  treatment  per  1,000  gallons.. $0,479 


Analysts  of  Untreated  Water  from  Alamogordo  Plant. 

Grains  per  U.  S.  Gallon. 
Analysis.  Probably  Combined. 

Silica     700     Silica     700 

Oxides    of    iron    and    alumi-                Oxides    of    iron    and    alumi- 
num      233         num 233 

Calcium   oxide   7-725      Sodium    chloride    2.112 

Magnesium   oxide    2.625      Sodium  sulphate  1.235 

Sodium   oxide   1.660     Calcium  sulphate    12.248 

Sulphuric  acid    (SO3) 7.900      Calcium   carbonate   4-790 

Chlorine    (CI)    1.280     Magnesium  carbonate  5-512 

Carbonic  acid    (CO2) 4-995  

26.830 


27.118 
Less  oxygen  equiv.  CI 288 


26.830 

.863 

Volatile   and  organic   matter.     .863  

Total    solids    27.693  27.693 

Total  incrusting  solids  23.483  equal  to  3.347  lbs.  per  1,000  gallons. 
Total  non-incrusting  solids  3.347. 
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Analysis  of  Treated  Water. 

Grains  per  U.  S.  Gallon. 

Analysis.  Probably  Combined. 

Silica Trace     Silica     Trace 

Oxides    of    iron    and    alumi-  Oxides    of    iron    and    alumi- 
num      Trace         num     Trace 

Calcium    oxide    2.915      Sodium  chloride   1.731 

Magnesium    oxide    210      Sodium    sulphate    1-579 

Sodium   oxide    1.608      Calcium  sulphate    6.818 

Sulphuric  acid    (SO3) 4-900      Calcium    carbonate    193 

Chlorine     (CI.) 1.049      Magnesium    carbonate    441 

Carbonic   acid    (CO2) 316  

10.762 


10.998 
Less  oxygen  equiv.   of  CI 236 


Total   solids    10.762 

Total  incrusting  solids  7.452  equal  to  1.065  lbs.  per  1,000  gallons. 
Total  non-incrusting  solids  3.310. 
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REPORT  OF  COMMITTEE  NO.   VI— ON  BUILDINGS. 

(Bulletin  95.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Board  of  Direction  submitted  to  this  Committee  for  considera- 
tion the  following  topics : 

(i)  Report  and  present  recommendations  relative  to  best  type  of 
locomotive  coaling  station  to  adopt  for  various  conditions. 

(2)  Report  on  use  of  reinforced  concrete   for  roundhouses. 

(3)  Report  on  best  method  for  smoke  removal,  ventilation  and  heat- 
ing of  roundhouses. 

(4)  Report  on  use  of  movable  or  fixed  cranes  for  facilitating  loco- 
motive repairs  in  roundhouses. 

(5)  Report  on  best  arrangement  of  windows  and  roof  lights  and 
proper  ratio  of  light  area  to  floor  surface  in  roundhouses. 

A  meeting  of  the  Committee  was  held  in  the  office  of  the  Secretary 
of  the  Association  on  October  21st,  at  which  were  present:  O.  P.  Cham- 
berlain, Chairman ;  C.  H.  Fake,  J.  S.  Metcalf  and  E.  W.  Wiggin,  at  which 
meeting  the  report  on  topic  i  was  substantially  agreed  upon  and  work  on 
the  other  topics  outlined.  At  this  meeting,  also,  a  sub-committee  was 
appointed  to  consider  topic  2.  Mr.  Coburn,  Chairman,  and  Messrs.  Cry- 
der,  Fake,  Metcalf  and  Wiggin  constituted  this  sub-committee. 

On  December  Qth  a  meeting  was  held  at  the  same  place,  at  which 
were  present :  O.  P.  Chamberlain,  Chairman ;  Maurice  Coburn,  Vice- 
Chairman  ;  C.  H.  Fake,  E.  W.  Wiggin  and  W.  H.  Sellew.  At  this  meet- 
ing a  progress  report  from  the  sub-committee  was  received  and  the 
report,  in  general,  was  further  discussed.  The  "Report  on  use  of  rein- 
forced concrete  for  roundhouses,"  which  is  herein  submitted,  is  substan- 
tially the  work  of  the  sub-committee. 

(i)     Report  and  recommendations  relative   to   best   types  of  locomotive 
coaling  stations  to  adopt  for  various  conditions. 

Previous  discussion  bearing  on  thrs  subject  will  be  found  in  Vol.  3, 
pp.  149-163,  and  Vol.  8,  pp.  255-296,  last  year's  report,  the  convention  last 

163 


164  BUILDINGS. 

year  having  referred  the  matter  back  to  >Dur  Committee  for  further 
consideration. 

For  the  better  understanding  of  this  report  the  Committee  presents 
again  in  plates  i  to  7,  inclusive,  some  of  the  types  herein  discussed. 

Briefly  summarizing  from  last  year's  report,  the  costs  per  ton  of 
coal  handled  in  various  types  of  coaling  station — these  costs  were  shown 
to  vary  from  6.9  cents  per  ton  to  32.0  cents  per  ton.  Owing  to  the  varia- 
tion in  methods  of  keeping  records  of  cost  of  operation  on  different 
roads  and  even  at  different  plants  on  the  same  railway,  it  was  found 
that  it  was  not  possible  to  ascertain  from  statistics  alone  which  types 
were  most  economical  for  various  quantities  of  coal  to  be  handled. 

For  a  detailed  discussion  of  each  of  the  types  considered  by  your 
Committee  you  are  referred  to  last  year's  report.  Vol.  8,  pp.  258-267. 

Your  Committee  desires,  however,  at  this  lime  to  emphasize  the 
need  of  adequate  fire  protection  at  all  coaling  stations  and  to  call  atten- 
tion to  the  possibilities  of  reinforced  concrete  construction  of  coaling  sta- 
tions and  storage  bins,  which  has  been  used  in  some  instances,  as  a 
method  of  reducing  fire  risk,  and  at  the  same  time  securing  structures  of 
greater  permanency  than  those  ordinarily  in  use. 

The  average  insurance  rates  for  open  trestle  timber  construction  coal- 
ing stations  and  reinforced  concrete  fireproof  structures  are,  respectively, 
one  per  cent,  and  one-fourth  of  one  per  cent.  This  would  mean  that  from 
the  standpoint  of  fire  insurance  alone  we  would  be  justified  in  expending 
fifteen  per  cent,  more  for  a  reinforced  concrete  structure  than  for  a  timber 
coaling  station.  As  the  relative  cost  of  the  fireproof  style  of  structure 
at  present  is  about  forty  per  cent,  above  that  of  the  heavy  timber  station, 
an  expenditure  of  the  extra  twenty-five  per  cent,  may,  perhaps,  be  justi- 
fied on  the  ground  that  the  smaller  chance  of  incidental  losses  due  to 
interruption  of  traffic  will  warrant   this  additional   expense. 

To  the  "general  information"  in  last  year's  report  should  be  added 
that  the  "Balanced  Two-Bucket  Type"  of  coal  elevator  is  now  built  with 
auxiliary  horizontal  conveyors,  which  receive  the  coal  from  the  elevator 
buckets  and  distribute  it  to  bins  and  pockets,  thus  adapting  it  to  use  in 
larger  coaling  stations  and  storage  plants  than  are  practicable  for  the 
simple  balanced  bucket  type  of  coaling  station. 

In  presenting  the  following  conclusions  your  Committee  has  been 
guided  by  the  apparent  practicability  and  adaptability  of  the  various 
devices  rather  than  by  the  available  statistics  regarding  comparative  costs 
of  handling  coal,   which   are,   as   has  been  stated,   somewhat  unreliable, 
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and  consequently  not  worthy  to  be  accepted  as  the  sole  basis  for  com- 
parison. 

Let  it  be  understood,  too,  that  what  is  here  presented  must  serve, 
only  in  a  general  way,  to  assist  the  engineer  in  his  selection  of  the  type 
of  coaling  station  to  be  used  at  any  particular  point.  Each  station  pre- 
sents its  own  problem. 

In  the  following  conclusions  your  Commiitee  has  reproduced,  for 
convenience  in  the  discussion,  conclusions  (i)  to  (4)  inclusive,  which 
were  adopted  at  the  convention  of  1907  and  have  already  been  printed 
in  the  Manual  of  1907.  The  balance  of  the  conclusions  are  presented  in 
accordance  with  the  instructions  given  lo  your  Committee  for  the  con- 
sideration of  this  convention. 

(i)  The  cost  items  should  include  charges  for  interest  and  depre- 
ciation, charges  for  maintenance  and  operation  (tlie  cost  of  sivitching 
cars  onto  trestles  should  be  included)^  and  a  charge  for  the  use  of  cars 
for  storage  purposes. 

(2)  Provision  should  be  made  for  fire  protection,  the  avoidance  of 
damage  to  the  coal,  and  its  delivery  in  the  best  possible  condition. 

(3)  The  use  of  self-clearing  cars  should  be  made  possible,  and  ordi- 
narily it  should  also  be  possible  to  shovel  from  fiat-bottomed  cars. 

(4)  Storage  for  emergency  purposes  and  fireproof  construction  are, 
in  general,  to  be  recommended,  and  in  some  cases  duplicate  machinery  is 
desirable. 

(5)  It  is  not  possible  to  give  absolute  limits  between  which  different 
types  of  coaling  arrangements  are  to  be  used.  Each  installation  must  be 
considered  as  an  individual  problem.  Prices  of  materials,  cost  and  char- 
acter of  labor,  the  possible  track  arrangements,  the  amount  of  storage 
desired,  the  power  and  attendance,  and  shifting  service  available,  all  are 
to  be  considered. 

*(6)  Where  the  quantity  of  coal  handled  is  small,  particularly  at 
terminal  points  where  locomotives  lie  over  night,  it  is  recommended  that 
the  locomotives  be  coaled,  either  directly  from  cars  by  the  hostler,  or  by 
handling  from  cars  to  an  elevator  platform  provided  with  a  jib  crane  and 
one-ton  buckets,  and  from  these  buckets  to  the  locomotive.  (Plate  i.) 

*(7)  At  terminals  where  the  daily  consumption  of  coal  does  not 
exceed  seventy-five  tons,  a  locomotive  crane  wiih  clam-shell  bucket  is 
desirable,  provided  that  there  is  at  such  terminal  other  work  that  can 
be  economically  performed  by  the  locomotive  crane.     (Plate  4.) 

*(8)  At  terminals  where  the  requirem.ents  are  from  seventy-five  to 
two  hundred  tons  per  day  and  a  deep  foundation  is  practicable  a  "bal- 
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anced  two-bucket  hoist  type"  of  coaling  station  is  recommended.     (Plate 

5.) 

*(9)  For  terminals  larger  than  those  previously  considered,  the  type 
of  coaling  station  which  should  be  selected  as  most  desirable  is  dependent 
entirely  upon  local  conditions.  Where  it  is  required  that  coal  be  delivered 
to  not  more  than  two  tracks  and  where  the  necessary  ground  space  is 
available,  a  coaling  station  of  the  "trestle  type,"  with  incline  approach,  is 
recommended.  In  yards  where  delivering  locomotives  are  constantly  in 
attendance  a  plant  with  a  five  per  cent,  incline  is  preferable  to  one  with 
a  twenty  per  cent,  grade  operated  by  a  hoisting  engine.  (Plates  2  and 
3.)  Where  it  is  required  to  deliver  coal  to  more  than  two  tracks,-  or 
where  the  ground  space  for  a  "trestle  tj'pe"  is  not  available,  a  "mechan- 
ical conveyor  type"  is  recommended.     (Plates  5,  6  and  7.) 

(2)     Use  of  Reinforced  Concrete  for  Roundhouses. 

In  preparing  a  report  on  the  use  of  reinforced  concrete  for  round- 
houses, your  Committee  has  made  a  comparison  of  the  different  mate- 
rials that  may  be  used,  and  has  considered,  in  a  general  way,  the  subject 
of  roundhouse  construction  and  the  advisability  of  building  them  fire- 
proof. 

For  the  purpose  of  this  discussion  we  will  consider  the  roundhouse 
to  be  divided  into  (a)  Foundations  and  Pits;  (b)  the  Roof;  (c)  Sup- 
porting Columns,  and,  (d)  Outer  WaHs,  which  will  be  considered  in  the 
order  named. 

(a)     Foundations  and  Pits. 

While  in  some  cases  local  conditions  may  favor  the  use  of  stone  or 
brick  for  foundations  and  pits,  it  may  be  stated,  as  a  general  proposition, 
that  good  practice  in  roundhouse  construction  now  requires  the  use  of 
concrete  for  these  parts  of  the  structure.  Where  a  solid  foundation  can- 
not be  obtained  within  a  few  feet  below  the  floor  level  of  the  building  a 
considerable  saving  may  be  effected  by  the  use  of  reinforcement. 

(b)     The  Roof. 

In  the  design  of  an  engine  house,  the  determining  factor  in  consid- 
ering whether  the  structure  shall,  or  shall  not  be  fireproof,  is  the  roof. 

Your  Committee  is  of  the  opinion  that  steel,  except  as  a  reinforce- 
ment for  concrete,  is  not  a  satisfactory  material  for  engine  house  roof 
construction.  The  only  materials  that  will,  therefore,  be  considered  in 
this  report  are  reinforced  concrete  and  wood. 
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In  economy  of  first  cost,  durability  and  fire-resisting  qualities,  there 
is  no  other  fireproof  roof  construction  which  is  equal  to  reinforced 
concrete. 

The  reinforced  concrete  roof  must  be  covered  with  some  suitable 
roofing  to  keep  it  water-tight,  substantially  the  same  as  for  a  wooden 
roof.  There  are  water-proofing  preparations  to  be  mixed  in  concrete 
for  concrete  roofs,  but  your  Committee  is  not  prepared  to  recommend 
their  use. 

For  a  wooden  roof,  nothing  is  to  be  gained  by  any  more  expensive 
construction  than  matched  and  dressed  two-inch  sheathing  laid  on  wooden 
purlins,  which  are,  in  turn,  supported  by  wooden  beams. 

(c)     Supporting  Columns. 

If  the  roof  is  of  reinforced  concrete  it  should  be  supported  by  col- 
umns of  the  same  material  in  the  outer  and  end  walls,  as  well  as  in  the 
interior  of  the  building.  These  columns  should  be  concreted  with  the 
roof,  the  concrete  being  run  into  the  forms  from  above.  The  columns 
on  the  inner  circle,  to  which  the  doors  are  attached,  should  be  of  some 
other  material  than  concrete,  preferably  steel  or  cast-iron. 

To  support  a  wooden  roof,  wooden  posts  are  recommended,  except 
that,  in  warehouses  in  which  the  outer  and  end  walls  are  of  brick  or 
concrete,  for  the  roof  supports  in  such  walls,  pilasters  of  the  same  ma- 
terials are  recommended. 

(d)     Outer  Walls. 

The  design  adopted  by  your  Committee  as  a  basis  for  comparative 
estimates  in  this  report,  requires  as  much  window  space  as  possible. 
This,  except  for  end  walls,  leaves  no  curtain  wall  to  be  provided,  except 
for  the  space  between  window  sills  and  floor  and  a  narrow  strip  around 
the  three  other  sides  of  each  window.  As  shown  later,  the  cost  of  the 
walls  in  comparison  with  the  total  cost  of  the  building  is  relatively  unim- 
portant. 

For  a  structure  roofed  with  reinforced  concrete,  the  curtain  walls 
may  be  of  brick,  plain  concrete,  reinforced  concrete  or  plaster.  The  brick 
will  generally  be  found  to  be  more  satisfactory  and  a  little  cheaper  than 
concrete.  Concrete  will,  however,  if  properly  made,  give  good  service  and 
local  costs  of  materials  and  labor  would  ordinarily  determine  which  of 
the  first  three  styles  of  curtain  walls,  named  above,  should  be  built. 
The  plaster  curtain  wall  may  be  used  where  it  is  desirable  or  necessary 
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to  reduce  the  first  cost  to  a  minimum.  To  build  such  a  wall,  Portland 
cement  is  mixed  with  enough  lime,  so  that  it  can  be  worked  with  a 
trowel  and  is  plastered  on  expanded  metal.  The  latter  is  stiffened  with 
rods  and  with  channel  irons,  which  are  used  to  support  the  window 
frames.  A  wall  of  this  character  can  be  built  more  quickly  than  a  con- 
crete wall,  is  efficient  and  should'  be  durable.  If  damaged  by  a  locomo- 
tive or  otherwise,  it  is  easily  repaired,  and  alterations  can  be  readily 
made.  Used  with  concrete  columns,  it  should  not  crack,  and  its  first 
cost  is  but  about  half  that  of  a  brick  wall. 

With  a  wooden  roof  the  plaster  can  be  used  over  a  timber  construc- 
tion. In  this  construction  two  sheets  of  the  expanded  metal  are  used, 
the  one  on  the  outer  side  being  placed  first  and  plastered  en  both  sides, 
while  the  inner  sheet  is  plastered  on  one  side  only.  There  would  seem 
to  be  more  danger  of  the  walls  cracking  in  this  construction  than  where 
concrete  posts  or  pilasters  are  used. 

Should  wooden  posts  be  used  in  outer  and  end  walls,  wooden  walls 
may  be  used  also.  They  are  neither  warm  nor  fireproof,  and  cost  more 
for  maintenance  than  any  other  form  of  construction.  By  building  of 
concrete  or  plaster  to  the  height  of  the  window  sills,  however,  a  large 
part  of  the  danger  from  fire  is  eliminated.  End  walls  and  fire  walls 
should  ordinarily  be  built  of  the  same  materials  as  the  other  walls. 

The  cost  of  concrete  construction  in  roundhouses  depends  largely 
upon  the  number  of  times  the  forms  can  be  used :  It  follows,  therefore, 
that  where  the  structure  is  large  and  the  forms  for  each  unit  or  stall  can 
be  used  many  times  in  the  same  roundhouse,  the  cost  per  stall  is  much 
less  than  in  a  small  building.  Consequently  reinforced  concrete  construc- 
tion is  more  economical  in  large  than  in  small  roundhouses,  when  com- 
pared with  brick  or  frame  construction. 

The  costs  of  the  different  types  are  compared  in  the  accompanying 
table.    (Plate  8.) 

This  table  gives  in  detail  a  comparative  statement  of  the  cost  and 
annual  charges  per  stall  of  six  types  of  roundhouses,  the  first  three  being 
roofed  with  reinforced  concrete  and  having  outer  walls  of  concrete,  brick 
and  plaster,  respectively,  in  the  order  named.  The  fourth  given  is  the 
same  type  as  the  third  and  merely  shows  the  increase  in  unit  cost  for 
the  reinforced  concrete  type  when  the  building  is  reduced  in  size. 

The  reinforced  concrete  roof,  figures  for  which  are  shown  in  this 
table,  is  four  inches  thick,  supported  on  reinforced  concrete  beams, 
running  between  the  posts  in  both  directions  and  midway  between  the 
posts  parallel  with  the  outer  wall. 
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The  last  three  types  given  are  wooden  roofed  houses,  with  outer 
walls  of  brick,  plaster  and  wood,  respectively,  in  the  order  named. 

Considering  the  roundhouses  with  plaster  and  brick  walls,  it  wiU  be 
seen  from  the  table  that  while  the  first  costs  of  such  roundhouses  with 
reinforced  concrete  roofs  are,  respectively,  higher  than  those  with 
wooden  roofs,  the  average  annual  charges  on  the  houses  with  reinforced 
concrete  roofs  are  less  than  on  the  houses  with  wooden  roofs. 

The  average  cost  per  stall  per  annum  and  not  the  first  cost 
should  govern  in  the  selection  of  the  type  to  be  built.  With  this  should 
be  considered  the  question  of  insuring  against  interruption  to  traffic. 

The  depreciation  charge  is  not  to  take  care  of  deterioration  in  the 
structure  itself,  it  being  assumed  that  the  building  is  to  be  fully  main- 
tained, but  to  provide  for  changes  in  the  requirements  of  the  traffic 
which  render    it  unsuitable  for  the  demands  upon  it. 

Care  shouM  be  exercised  to  avoid  making  this  depreciation  charge 
too  low.  Chances  for  changes  in  motive  power  and  traffic,  location  of 
terminals,  etc.,  should  be  given  due  weight.  The  motor  car  and  electric 
development  are  liable  to  change  our  needs  materially  in  the  next  few 
years.  One  prominent  road  has  a  locomotive  using  a  roundhouse  not 
over  two  years  old  which  is  so  short  that  the  doors  cannot  be  closed 
when  the  engine  is  under  the  jack. 

In  the  statement,  the  average  charges  for  the  first  ten  years  only  are 
considered,  it  having  been  assumed  that  if  any  expenditures  cannot  show 
a  saving  in  the  first  ten  years  they  are  not  wise  under  our  average  pres- 
ent conditions.  Six  per  cent,  interest  and  ten  per  cent,  depreciation  are 
used.  They  are  figured  each  year  on  the  new  value  of  the  house  after 
the  depreciation  for  the  previous  year  has  been  deducted.  This  for  ten 
years  gives  an  average  annual  charge  of  ten  and  four-tenths  per  cent, 
for  interest  and  depreciation,  and  makes  the  book  valuation  of  the  house 
at  the  end  of  the  ten  years  about  thirty-five  per  cent,  of  the  original 
cost.  If  a  longer  time  be  considered  the  figures  would  show  better  for 
the  more  permanent  types.  The  average  interest  and  depreciation  would 
not  be  so  great  a  factor  and  the  maintenance  charges  of  the  cheaper 
types  would  increase  faster. 

The  end  walls  are  not  included  in  the  statement  as  they  should  be  in 
an  actual  problem.  They  will  not  make  much  difference  in  a  large  house, 
but  in  a  small  one  will  tend  to  favor  the  cheaper  types. 

The  maintenance  charges  for  the  first  ten  years  are  mainly  for  doors 
and  windows.  Wooden  posts  and  roof  will  last  so  long  that  their  renewal 
should  not  be  considered,  even  if  a  much  longer  time  than  ten  years  is 
taken. 
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Roundhouse  fires  are  due  mainly  to  the  careless  handling  of  oil, 
waste  and  torches'  and  to  fires  from  the  outside.  This  has  led  one  road 
to  build  concrete  walls  and  posts  up  about  four  feet  above  the  floor  and 
wood  above  that.  There  have  been  a  few  fires  from  wooden  jacks,  due 
mainly  to  cracks  from  shrinkage  of  the  boards.  The  fire  danger  from 
wooden  roofs  alone  is  very  small. 

The  chances  of  heat  being  in  an  engine  house  which  would  make 
it  desirable  to  restrict  the  character  of  the  aggregates  in  the  concrete 
is,  in  our  opinion,  not  worth  considering. 

The  reinforced  concrete  roof  gives  the  greatest  freedom  from  possi- 
bility of  interruption  to  traffic  because  of  fire,  cyclone  or  earthquake.  The 
concrete  roof  roundhouses  are  considered  as  perfectly  fireproof,  as  there 
is  nothing  in  the  contents  which  can  damage  them  from  fire.  Conse- 
quently, no  insurance  is  shown  for  them,  while  the  others  have  a  rate 
upon  the  entire  value  of  each  stall,  including  foundations  and  pits, 
equipment  and  all  accessories,  which  may  be  varied  from  considerably 
in  actual   practice. 

The  annual  charges  for  the  different  types  are  so  near  alike  that 
small  differences  in  the  design,  in  the  costs  of  materials  and  in  the  methods 
of  figuring  will  change  the  comparative  results. 

CONCLUSIONS. 

(i)  Reinforced  concrete  should  be  used  below  the  floor  when  it  is 
cheaper  than  plain  concrete. 

*(2)  The  additional  security  against  interruption  to  traffic  warrants 
the  construction  of  a  roundhouse  with  a  reinforced  concrete  roof. 

*(3)  When  the  roof  is  of  reinforced  concrete  the  columns,  except 
those  supporting  doors,   should  be  of  the  same  material. 

(4)  Reinforced  concrete  should  be  used  for  the  walls  only  where 
special  conditions  reduce  its  cost  below  that  of  brick  or  plain  concrete 
and  where  plaster  is  not  considered  satisfactory. 

(3)     Best  method  for  smoke  removal,  ventilation  and  heating  of  round- 
houses. 

Your  Committee  has  visited  some  of  the  newest  roundhouses  built  on 
various  lines  and  also  examined  many  designs  involving  the  use  of  ven- 
tilating jacks  with  or  without  louvre  or  other  roof  ventilators. 

Recommendations  as  to  the  style  of  smoke  jacks  to  be  used  have 
already  been  adopted  in  the  Manual  of  1907   (p-  70).     While  it  is  the 


*See  amendment,   p.   174. 


BUILDINGS.  171 

opinion  of  your  Committee  that  some  sort  of  roof  ventilators  should  be 
used  in  addition  to  the  smoke  jacks,  it  must  be  recognized  that  different 
geographical  locations,  and  consequently  different  c'imatic  conditions, 
complicate  this  problem.  For  example,  a  mode  of  treatment  of  the  ven- 
tilation problem  satisfactory  for  a  roundhouse  in  Mexico  might  not,  and 
most  likely  would  not,  prove  satisfactory  for  a  roundhouse  in  Northern 
Canada. 

In  regard  to  the  heating  of  roundhouses,  it  is  the  opinion  of  your 
Committee  that  both  indirect  hot  air  heating  and  the  vacuum  systetn 
of  steam  heating  are  preferable  to  heating  with  high  pressure  steam 
radiators. 

Your  Committee,  however,  does  not  desire  to  make  any  positive 
recommendations  without  further  investigation  and  a  more  careful  con- 
sideration than  it  has  yet  found  time  to  devote  to  this  topic. 

(4)     Use  of  movable  or  fixed  cranes  for  facilitating  locomotive  repairs  in 
roundhouses. 

The  minor  repairs  to  locomotives  ordinarily  made  in  roundhouses 
are  cumbersome  without  some  sort  of  appliance  for  handling  heavy  parts. 

Your  Committee  has  investigated  what  has  already  been  done  in  this 
direction  and  finds  that  in  some  cases  roundhouses  have  been  designed  for 
the  future  installation  of  movable  cranes  of  great  capacity.  So  far  as 
your  Committee  has  been  able  to  learn,  however,  the  machinery  provided 
for  has  in  no  case  been  installed. 

Small  jib  cranes  on  the  outer  posts  and  trolley  hoists  working 
around  the  outer  circle  have  been  used  to  advantage.  The  question 
naturally  arises :  to  what  capacity  should  such  aids  to  locomotive  repair 
work  be  limited .''  It  is  the  opinion  of  your  Committee  that  the  shop  is 
the  place  for  heavy  repair  work,  and  that  the  special  construction  neces- 
sary for  the  installation  of  travelers  of  large  capacity,  with  the  attendant 
expense  entailed,  is  not  justified  from  an  economic  standpoint. 

Your  Committee  recommends  the  use  only  of  appliances  that  can  be 
installed  in  roundhouses  as  now  ordinarily  constructed,  without  materially 
increasing  the  cost  of  the  structures.  For  sich  appliances  a  maximum 
capacity  of  two  tons  is  recommended. 

CONCLUSION. 

Jib  cranes  attached  to  outer  posts  alongside  of  a  number  of  pits  in 
roundhouses,  or,  in  the  case  of  large  roundhouses,  a  trolley  hoist  work- 
ing  around   the  outer   circle,   capable  of   handling  two   tons,   should   be 
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installed  in  such  roundhouses  as  may  be  designated  by  the  Motive 
Power  Department  as  requiring  such  appliances  for  light  locomotive 
repairs. 

(5)     Best  arrangement  of  windows  and  roof  lights,  and  proper  ratio  of 
light  area  to  floor  surface. 

The  opinion  of  your  Committee  in  regard  to  the  arrangement  of 
windows  has  already  been  suggested  in  the  earlier  part  of  this  report  in 
the  consideration  of  the  use  of  reinforced  concrete  in  roundhouses. 
(First  paragraph  under  "(d)    Outer  Walls,"  page  71.) 

While  roof  lights  have  been  considered  almost  a  necessity  in  most 
buildings  having  a  width  of  ninety  feet  or  more,  experience  has  shown 
that  the  conditions  obtaining  in  roundhouses  are  not  favorable  to  their 
use.  Steam  and  smoke  render  them  almost  useless,  and  leakage  around 
the  frames  and  through  broken  glass  makes  them  a  source  of  annoyance 
and  discomfort  to  the  roundhouse  attendants. 

Your  Committee  does  not  believe  there  is  any  proper  ratio  between 
light  area  and  floor  surface  in  roundhouses,  but  recommends  the  largest 
light  area  practicable  in  inner  and  outer  circles,  excepting  that  glass  is 
not  deemed   desirable   in   the   doors   themselves. 

CONCLUSIONS. 

(i)  The  disadvantages  of  roof  lights  in  roundhouses  are  so  much 
greater  than  their  advantages  as  to  make  them  undesirable. 

(2)  Windows  in  the  outer  walls  of  roundhouses  should  be  made  as 
large  as  practicable  and  contain  the  largest  glass  or  light  area  consistent 
with  the  requisite  strength.  In  general,  the  lower  sill  should  be  not 
more  than  four  feet  from  the  floor  and  only  sufficient  space  left  between 
pilasters  and  sides  of  window  frames,  and  girders  and  window  heads  to 
properly  secure  the  window  frames.  Windows  or  transoms  as  large  as 
practicable  should  be  provided  over  all  doors  where  locomotives  enter. 

Respectfully  submitted, 

O.  P.  Chamberlain,  Chief  Engineer,  Chicago  &  Illinois  Western  Rail- 
road, Chicago,  111.,  Chairman. 

J.  W.  CowPER,  with  J.  C.  Stewart  Company,  Pittsburg,  Pa. 

H.  M.  Cryder,  Manager,  Carmichael  Company,  St.  Louis,  Mo. 

C.  H.  Fake,  Chief  Engineer,  Mississippi  River  &  Bonne  Terre  Railroad, 
Bonne  Terre,  Mo. 

J.  S.  Metcalf,  President,  John  S.  Metcalf  Company,  Chicago,  111. 
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A.  G.  Norton,  Resident  Engineer,  Erie  Railroad,  Otisville,  N.  Y. 

L.  D.  Smith,  Southern  Pacific  Company,  Oakland,  Cal. 

Wm.  Graham,  Assistant  Engineer  Bridges,  N.  Y.,  N.  H.  &  H.  R.  R.,  New 

Haven,  Conn. 
E.  W.  WiGGiN,  Engineer  B.  &  B.,  Missouri  Pacific  Railway,  St.  Louis,  Mo. 
C.  H.  Stengel,  Designing  Engineer,  Tidewater  Ry.,  Norfolk,  Va. 
S.  D.   Brady,   Chief  Engineer,   Little   Kanawha    Syndicate,    Parkersburg, 

W.  Va. 
M.  J.  Caples,  General  Manager,  South  &  Western  Ry.,  Bristol,  Va.-Tenn. 
W.   H.   Sellew,  Principal  Assistant   Engineer,   Michigan   Central  R.   R., 

Detroit,  Mich. 

Committee. 

MINORITY  REPORT. 

The  undersigned  endorses  the  preceding  report,  with  the  following 
exceptions:  For  conclusions  (8)  and  (9)  under  topic  i,  "Recommenda- 
tions relative  to  best  type  of  locomotive  coaling  station  to  adopt  for 
various  conditions,"  I   would  substitute  the  following: 

*(8)  At  terminals,  where  the  requirements  do  not  exceed  200  ions  a 
day,  when  the  desired  storage  is  not  so  great  that  auxiliary  buckets  are 
necessary  and  where  a  deep  foundation  is  practicable,  a  two-bucket  hoist 
is  recommended. 

(9)  At  points  where  the  requirements  are  greater  than  this  a 
mechanical  conveyor  plant  is  recommended,  except  that  when  the  track 
arrangement  and  the  ground  space  available  permit,  especially  where  it  is 
difficult  to  obtain  proper  care  of  a  mechanical  plant,  the  use  of  a  trest'e 
should  also  be  considered. 

Respectfully   submitted, 

Maurice  Coburn, 
Engineer  Maintenance  of  Way,  Vandalia  Line,  Terre  Haute,  Ind., 

Vice-ChainitQn. 


*See  amendment,   p.   174. 
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AMENDMENTS. 

LOCOMOTIVE    COALING    STATIONS. 

(6)  Where  the  quantity  of  coal  handled  is  small,  particularly  at 
terminal  points  where  locomotives  lie  over  night,  it  is  recommended  that 
locomotives  be  coaled  either  directly  from  cars  or  by  handling  from 
cars  to  a  platform  provided  with  a  jib  crane  and  one-ton  buckets  and 
from  these  buckets  to  the  locomotive. 

(7)  At  terminals,  under  certain  conditions,  a  locomotive  crane, 
with  suitable  bucket,  is  desirable,  particularly  where  other  work  can 
be   economically  performed   by   the   mechanical   crane. 

(8)  At  terminals,  where  the  requirements  do  not  exceed  300  tons 
a  day,  when  the  desired  storage  is  not  so  great  that  auxiliary  buckets 
are  necessary  and  where  a  deep  foundation  is  practicable,  a  two-bucket 
hoist  is  recommended. 

(9)  For  terminals  larger  than  those  previously  considered,  the 
type  of  coaling  station  which  should  be  selected  as  most  desirable  is 
dependent  entirely  upon  local  conditions.  Where  it  is  required  that  coal 
be  delivered  to  not  more  than  two  tracks  and  where  the  necessary 
ground  space  is  available,  a  coaling  station  of  the  "trestle  type,"  with 
incline  approach,  is  recommended.  In  yards  where  delivering  locomo- 
tives are  constantly  available,  a  plant  with  a  5  per  cent,  incline  is 
preferable  to  one  with  a  20  per  cent,  grade  operated  by  a  hoisting 
engine.  Where  it  is  required  to  deliver  coal  to  more  than  two  tracks, 
or  wher^e  the  ground  space  for  a  "trestle  type"  is  not  available,  a 
"mechanical   conveyor  type"    is   recommended. 

REINFORCED    CONCRETE    FOR    ROUNDHOUSES. 

(2)  The  additional  security  against  interruption  to  traffic  from 
fire  warrants  the:  serious  consideration  of  the  construction  of  round- 
houses  with   letnforced  concrete   roofs. 

(3)  ^  When  the  roof  is  of  reinforced  concrete,  the  columns  should 
be  of  the  same  material. 
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DISCUSSION. 

The  President : — The  next  report  is  that  of  the  Committee  on  Build- 
ings, Mr.  O.  P.  Chamberlain,  chairrnan.  The  Committee  will  take  its 
place  on  the  platform  and  the  chairman  will  make  a  preliminary  state- 
ment. 

Mr.  O.  P.  Chamberlain  (Chicago  &  Illinois  Western)  : — Mr.  Presi- 
dent and  gentlemen,  there  were,  as  stated  in  our  report,  five  topics  given 
to  the  Committee  on  Buildings  for  our  consideration,  the  first  four  of 
which  were  before  the  convention  last  year.  The  conclusions  regarding 
coaling  stations  as  submitted  at  that  time  were  adopted  by  the  con- 
vention in  part  and  the  remaining  conclusions  were  referred  back  to  the 
Committee  for   further  consideration  and   report. 

With  the  consent  of  the  Chair,  I  think  it  would  be  well  to  take  up 
this  one  topic  and  perhaps  go  over  a  little  of  the  preliminary  work  and 
then  let  the  Secretary  read  the  conclusions.  As  is  stated  here  in  the 
report  of  the  Committee,  in  previous  volumes  of  the  Proceedings  of  the 
convention  and  in  the  Manual  are  contained  a  portion  of  the  work  of  this 
Committee,  which  was  to  be  completed  in  this  report.  Starting  on  pag( 
68,  the  third  line,  for  the  better  consideration  of  this  report,  the  Com- 
mittee presents  again  the  plates  from  i  to  7.  These  plates  are  substan- 
tially the  same  as  appeared  in  last  year's  report  and  were  put  in  here 
so  that  we  could  understand  the  discussion  of  different  types  of  coaling 
stations. 

In  the  conclusions  as  submitted  the  first  four  are  reproduced  from 
the  Manual,  as  adopted  last  year,  and  printed  in  italics,  the  balance  of 
the  conclusions  being  those  adopted  by  the  Committee  this  j'ear.  In 
this  connection  I  will  say  that  the  Committee  was  not  a  unit  on  these 
conclusions  and  a  minority  report  is  presented  on  page  T],  in  which 
different  conclusions  are  substituted  for  IsTos..  8  and  9  of  the  majority 
report.  I  suggest  that  as  these  conclusions  are  read  by  the  Secretary 
both  the  minority  and  the  majority  reports  be  read,  allowing  the  con- 
vention to  take  such  action  as  it  may  desire,  to  reject  either  one  or 
both,  or  modify  them,  as  they  may  see  fit.  Conclusion  8  in  both  reports 
does  not  show  much  difference  of  opinion  between  majority  and  minority, 
but  conclusion  9  is  an  entirely  different  proposition  in  the  minority 
report  than  in  the  majority  report.  Of  course,  that  will  come  up  for 
discussion  later  on.  If  it  is  the  wish  of  the  Chair,  we  will  have  the 
Secretary   read   these    conclusions. 

The  President : — In  order  to  cover  the  ground  properly  I  will  ask 
the   Secretary  to   read   all   the   conclusions,   including  those   adopted   last 
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year  and  printed  in  the  Manual.  Those  we  will  pass  as  accepted.  As 
each  of  the  other  conclusions  is  read  it  will  be  open  for  discussion  before 
being  adopted. 

The  Secretary: — "(i)  The  cost  items  should  include  charges  for 
interest  and  depreciation,  charges  for  maintenance  and  operation  (the 
cost  of  switching  cars-  onto  trestles  should  be  included),  and  a  charge 
for  the  use  of  cars  for  storage  purposes. 

"(2)  Provision  should  be  made  for  fire  protection,  the  avoidance  of 
damage  to  the  coal,  and  its  delivery  in  the  best  possible  condition. 

"(3)  The  use  of  self-clearing  cars  should  be  made  possible,  and 
ordinarily  it  should  also  be  possible  to  shovel  from  flat-bottomed  cars. 

"(4)  Storage  for  emergency  purposes  and  fireproof  construction  are, 
in  general,  to  be  recommended,  and  in  some  cases  duplicate  machinery  is 
desirable. 

"(5)  It  is  not  possible  to  give  absolute  limits  between  which  differ- 
ent types  of  coaling  arrangements  are  to  be  used.  Each  installation  must 
be  considered  as  an  individual  problem.  Prices  of  materials,  cost  and 
character  of  labor,  the  possible  track  arrangements,  the  amount  of 
storage  desired,  the  power  and  attendance,  and  shifting  service  available, 
all  are  to  be  considered." 

Mr.  Chamberlain : — I  move  the  adoption  of  conclusion  5  and  its 
incorporation  in  the  Manual. 

(The  motion   was   carried.) 

The  Secretary: — "(6)  Where  the  quantity  of  coal  handled  is  small, 
particularly  at  terminal  points  where  locomotives  lie  over  night,  it  is 
recommended  that  the  locomotives  be  coaled,  either  directly  from  cars 
by  the  hostler,  or  by  handling  from  cars  to  an  elevator  platform  provided 
with  a  jib  crane  and  one-ton  buckets,  and  from  these  buckets  to  the 
locomotive.     (Plate    i.)" 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  : — 
Should  that  word  be  "elevator"  or  "elevated,"  in  connection  with  plat- 
form ? 

Mr.  Chamberlain : — That  is  a  typographical  error.  -  It  should  be 
"elevated"  platform. 

The  President: — Gentlemen,  what  action  will  you  take  on  conclu- 
sion 6? 

Mr.  Chamberlain : — I  move  that  conclusion  6  be  adopted. 

(The  motion  was  carried.) 

Mr.  F.  P.  Gutelius  (Canadian  Pacific)  : — I  think  the  item  of  car 
should  be  removed  from  the  report  and  that  the  machinery  for  handling 
the  coal  should  be  considered.  Much  of  our  coal  is  stored  in  piles  close 
by  the  coaling  station.  That  character  of  machinery  would  be  the  proper 
mechanism  to  use,  whether  from  car  or  coal  pile,  whereas  the  report 
would  indicate  that  the  coal  would  have  to  first  be  loaded  into  a  car 
and  then  taken  to  the  coaling  station,  instead  of  working  direct  from 
the  coal  pile  to  the  station. 
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Mr.  Chamberlain : — In  reply  to  that  I  would  say  that  this  contem- 
plates a  small  coaling  station,  where  the  coal  comes  in  oti  cars,  as  it 
does  on  most  roads.  I  do  not  think  the  fact  of  a  car  being  mentioned 
would  add  or  detract  from  the  conclusion.  Of  course,  it  was  the  inten- 
tion of  the  Committee  that  such  an  arrangement  might  be  used,  as  can 
be  seen  by  looking  at  plate  l,  to  coal  either  direct  from  the  car,  or  in 
case  it  was  necessary  to  release  the  car,  to  transfer  the  coal  to  a  platform 
and  later  on  coal  from  the  platform.  That  was  the  reason  it  was 
worded  in  the  way  it  appears  in  the  report.  I  should  be  glad  to  see  the 
conclusion  stand  as  it  now  reads.  That  is  indicating  that  this  method 
is  used  to  coal,  either  from  the  car  or  from  the  platform,  according  to 
the  contingencies. 

Mr.  J.  E.  Schwitzer  (Canadian  Pacific)  : — I  think  ihe  words  "by 
the  hostler"  should  be  omitted. 

Mr.  Chamberlain : — The  Committee  will  accept  that. 

Mr,  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — I  would 
like  to  know  why,  with  mechanism  of  this  kind  for  hoisting,  we  should 
go  to  the  expense  of  raising  the  platform  three  or  four  feet,  as  indicated 
on  plate  l.  Can  you  show  any  saving  that  would  warrant  the  expendi- 
ture for  such  a  platform? 

Mr.  Chamberlain : — I  will  say  that  I  do  not  suppose  there  is  any 
objection  to  coaling  directly  from  the  pile,  if  you  wish  to.  While  I  have 
not  any  figures  on  it,  I  believe  it  is  more  economical  to  have  a  platform 
and  to  have  a  number  of  buckets  which  can  be  filled  with  coal  standing 
on  the  platform.  This  is  a  hand  derrick.  Your  lift  is  very  much  less 
if  you  lift  from  the  ground.  When  the  pile  is  low  you  would  have  to 
lift  much  further  and  it  would  take  more  time  to  handle  the  coal.  That 
is  the  only  objection  I  see  to  using  this  device  without  the  elevated 
platform.     I  think  it  is  better  with  the  platform. 

Mr.  Lindsay: — I  move  to  amend  by  striking  out  the  word  "elevator" 
from  the  conclusion.  Let  it  read  "platform."  The  platform  as  shown 
restricts  the  use  of  that  type.  If  the  platform  is  not  elevated  you  can 
extend  it  indefinitely,  at  small  cost,  limited  only  by  the  length  of  tlic 
travel  of  the  small  bucket  on  its  track. 

Mr.  Chamberlain: — There  is  no  objection  on  the  part  of  the  Com- 
mittee to  striking  that  out.  That  word  should  not  be  "elevator."  It 
was  "elevated  platform,"  as  it  was  written.  The  Committee  will  accept 
that  amendment. 

The  President : — The  Committee  accepts  the  suggestion  and  strikes 
out  the  word  "elevator"  in  the  fourth  line.  The  question  is  upon  the 
adoption  of  the  conclusion  as  amended. 

(By  a  rising  vote  the  amendment  was  lost.) 

Mr.  Chamberlain: — Mr.  Chairman,  it  seems  to  me,  if  the  convention 
rejects  this  conclusion,  that  some  one  should  be  willing  to  give  reasons 
for  it  or  present  a  substitute. 

Mr.  D.  D.  Carothers   (Baltimore  &  Ohio)  : — I  thought  I  understood 
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clearly  what  was  before  the  house,  but  I  do  not  think  I  understood  what 
we  were  voting  on.  There  were  some  amendments  and  we  were  not 
able  on  this  side  to  hear  what  we  were  acting  on. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I 
voted  "no"  with  the  understanding  that  we  were  voting  whether  we 
would  allow  the  Committee  to  accept  this  amendment. 

The  President : — The  Committee,  for  itself,  accepted  the  amendment. 
No  motions  were  made  to  amend.  Suggestions  were  made  to  the 
Committee.  The  suggestions  were  adopted  by  the  Committee.  The 
Chair  will  state  the  question  again;  that  the  Committee  have  amended 
conclusion  6  by  striking  out  the  words  "by  the  hostler"  in  the  third  line 
and  "an  elevator"  in  the  fourth  line. 

Mr.  Robert  Ferriday  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
I  move  that  conclusion  6  be  adopted  as  amended,  by  striking  out  the 
words  "by  the  hostler"  and  leaving  in  the  words  "an  elevated."  The 
usual  type  of  platform  is  an  elevated  platform.  The  tops  of  the  buckets 
are  about  on  a  level  with  the  car,  and  I  think  if  "elevated"  was  left  out 
it  would  mean  a  modification  of  the  plan. 

(Motion  seconded.) 

Mr.  Chamberlain : — I  will  say  that  the  reason  the  members  of  this 
Committee  accepted  that  was  that  they  did  not  regard  it  as  changing  the 
conditions  at  all.  We  are  perfectly  willing  to  accept  it  either  way.  A 
platform  is  a  platform,  and  if  we  state  nothing  about  the  height  of  it  the 
same  design  or  the  same  plan  would  apply  in  cither  case.  I  would  just 
as  soon  see  the  motion  prevail  in  this  form  as  originally  amended,  and 
I  think  the  Committee  would. 

The  President: — The  Chair  will  state  again  that  conclusion  6  is 
before  the  convention  as  offered  by  the  Committee,  that  the  words  "by 
the  hostler"  in  the  conclusion  are  stricken  out  and  the  words  "an 
elevator"  changed  to  "a." 

Mr.  F.  H.  McGuigan: — I  intended  to  use  the  same  words,  practically, 
that  you  have,  striking  out  the  reference  to  the  crane — "or  by  handling 
from  cars  to  an  elevated  platform."     Stop  right  there. 

Mr.  Maurice  Coburn  (Vandalia  Line)  : — I  would  like  to  ask  Mr. 
McGuigan  why  the  device  of  a  small  car  is  cheaper. 

Mr.  McGuigan: — I  think  a  car  can  be  built  to  handle  the  coal  at 
less  cost  than  a  crane  can  be  erected  for.  I  know  this  from  actual 
experience,  and  I  have  operated  both. 

Mr.  Coburn : — My  point  was  that  the  platform  must  be  considerably 
higher  in  each  of  the  cases. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — It  seems  to  me 
that  the  Committee  has  overlooked  one  fact  in  this  specification,  namely, 
that  there  is  more  than  one  kind  of  a  car  used  for  coal.  The  hopper- 
bottom  car,  for  example,  requires  no  platform,  and  a  good  deal  of  money 
is  saved  by  using  the  hopper-bottom  car.  Coal  may  be  made  to  slide 
out  of  this  car  into  coal  buckets,  set  in  a  pit,  and  the  buckets  dumped 
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directly  into  the  tender.  I  would,  therefore,  move  the  omission  of  the 
words  that  the  Committee  are  willing  to  omit ;  but  I  would  like  to  see 
also  omitted  the  words  "platform  provided,"  and  then  the  plan  will  suit 
any  road,  whether  that  road  is  using  gondola  cars  for  handling  its  coal 
or  hopper-bottom  cars. 

Mr.  Chamberlain : — Mr.  President,  the  Committee  believes  that  there 
may  be  some  misunderstanding  as  to  the  extent,  that  is,  as  to  the  size 
of  stations  for  which  this  is  recommended.  The  intention  here  is  to 
recommend  this  coaling  platform  for  very  small  stations.  I  would  say, 
in  regard  to  the  method  of  handling  coal,  of  which  the  gentleman  has 
just  spoken,  I  do  not  think  for  a  very  small  station  it  would  be  practicable 
or  necessary  to  have  an  arrangement  by  which  the  coal  can  be  dumped 
from  hopper-bottom  cars  into  buckets.  That  would  mean  an  elevated 
trestle.  Therefore  I  would  be  glad  to  see  the  recommendation  adopted 
as  amended  at  the  present  time.  If  there  is  no  further  discussion  I  would 
call  for  the  question  on  the  amendment  to  the  motion. 

The  President: — The  question  is  upon  the  adoption  of  conclusion  6, 
as  amended  by  the  Committee,  striking  out  the  words  "by  hostler"  in 
the  third  line,  "an  elevator"  in  the  fourth  line  and  substituting  "a"  in 
the.  fourth  line.  The  motion  has  been  lost.  The  question  is  called 
for  by  the  chairman. 

(By  a  rising  vote  of  33  ayes  and  21  nays,  the  conclusion  was 
adopted.) 

The  Secretary: — "(7)  At  terminals  where  the  daily  consumption  of 
coal  does  not  exceed  seventy-five  tons,  a  locomotive  crane  with  clam- 
shell bucket  is  desirable,  provided  that  there  is  at  such  terminal  other 
work  that  can  be  economically  performed  by  the  locomotive  crane. 
(Plate  4-)" 

Mr.  Chamberlain: — Mr.  President,  I  move  the  adoption  of  conclu- 
sion  7   as   recommended  by  the   Committee. 

Mr.  H.  R.  Safford  (Illinois  Central)  : — I  would  like  to  ask  the 
Committee  what  guided  them  in  establishing  75  tons  as  the  limit  for 
a  locomotive  crane.  That  is  so  different  from  our  observation,  and  it 
looks  to  me  as  being  rather  low.  It  is,  I  think,  the  experience  of  a  great 
many  of  the  roads,  and  it  would  be  our  opinion  that  such  limit  could 
be  125  tons  per  day. 

Mr.  Coburn  : — I  feel,  and  I  think  the  balance  of  the  Committee  agrees 
with  me,  that  the  Association  has  given  us  a  very  difficult  task;  that 
the  coaling  plant  question  is  something  which  has  not  been  thoroughly 
developed ;  that  there  are  a  great  many  different  kinds ;  that  very  few 
of  the  members  have  had  a  varied  experience  and  that  it  is  going  to  be 
impossible  for  this  Association  to  agree  on  any  satisfactory  conclusions 
in  regard  to  coaling  plants.  We  have,  however,  endeavored  to  meet  the 
wishes  of  the  Association  and  have  prepared  recommendations  on  this 
subject,  and  as  the  results  show,  we  could  not  agree  among  ourselves. 

Referring  to  this  particular  point,  it  seemed  to  us  that  the  locomotive 
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crane  was  not  a  successful  appliance  where  a  large  number  of  engines 
were  handled  or  where  they  were  liable  to  come  in  bunched.  The 
experience  at  large  terminals  has  not  been  satisfactory.  Another  thing 
about  the  locomotive  crane  is  that  as  ordinarily  used  no  storage  is 
provided.  In  preparing  the  Committee  report  last  year  your  Committee 
felt  that  a  considerable  advance  was  made  in  the  recommendations 
against  storage  in  cars.  If  storage  is  provided  with  the  locomotive  crane 
the  cost  of  the  original  plant  is  so  heavy  that  the  total  cost  of  handling 
coal,  including  interest  and  depreciation,  is  excessive. 

Mr.  D.  W.  Lum  (Southern  Railway)  : — Mr.  Chairman,  while  I  do 
not  think  the  use  of  the  locomotive  crane  is  ideal,  we  have  used  it  very 
successfully  at  Atlanta,  where  we  have  a  storage  capacity  of  20,000  tons. 
We  have  an  elevated  trestle,  an  ordinary  trestle  to  the  right  of  the 
track  upon  which  the  coaling  crane  runs.  The  crane  handles  in  the 
neighborhood  of  400  tons  a  day,  and 'if  necessary  more.  While  I  think 
the  elevated  trestle,  if  it  can  be  made  high  enough  to  drop  directly  into 
the  pocket  and  from  the  pocket  serve  the  locomotive,  is  the  ideal  one ; 
the  locomotive  crane  is  quite  successfully  used  in  t"he  way  you  have 
described,  and  if  you  recommend  the  use  of  the  locomotive  crane  at 
all  it  is  not  well  to  limit  its  service  to  75  tons,  as  is  indicated  in  this 
paragraph  7;  I  have  seen  locomotive  cranes  handle  a  ton  of  coal,  even 
out  of  the  car,  place  it  on  the  ground,  or  on  an  engine,  in  a  little  more 
than  a  minute — I  have  forgotten  the  seconds. 

Mr.  Chamberlain: — I  do 'not  know  whether  Mr.  Safford's  question 
has  been  fully  answered  or  not.  He  put  the  question  in  this  way:  Why 
did  the  Committee  limit  the  use  of  the  locomotive  crane  to  a  daily  con- 
sumption of  coal  not  to  exceed  75  tons?  I  think  that  is  about  right,  is 
it  not,  Mr.  Safford?  The  question  came  up  in  the  Committee  and  was 
discussed  at  some  length,  whether  we  should,  in  submitting  our  report, 
specify  a  definite  number  of  tons  or  not.  The  majority  of  the  Com- 
mittee, in  fact  I  think  all  of  the  members  present  at  the  meeting  at 
which  this  was  discussed,  decided  that  it  would  be  better  to  fix  a  limit 
which  we  regarded  as  about  the  proper  limit.  Individual  preference 
comes  in  here.  Other  conditions  come  in.  It  may  be  that  for  a  par- 
ticular point,  where  the  capacity  or  the  quantity  of  coal  handled  is  far 
above  75  tons,  a  locomotive  crane  might  be  desirable,  yet  your  Com- 
mittee felt  that  we  should  fix  some  limit,  in  some  definite  way,  otherwise, 
when  we  came  before  the  convention,  if  we  said  "a  small  station"  we 
would  be  criticised  and  asked  what  we  meant  by  "a  small  station."  I 
would  not  consider,  even  though  this  were  adopted  as  it  stands,  "where 
the  daily  consumption  of  coal  does  not  exceed  75  tons,"  that  it  would 
mean  necessarily  that  this  Association  said  "you  should  not  use  a  crane 
in  particular  cases  where  the  daily  consumption  was  200  or  250  tons," 
though  I  think  the  majority  of  the  members  here,  and  I  know  the 
majority  of  the  members  of  the  Committee  felt  that  where  the  daily 
consumption   was  200  or  250  tons  or  more,  as  a  general  proposition   it 
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was  advisable  to  adopt  some  other  method  of  handhng  and  storing 
coal.  As  we  stated  in  presenting  this  report,  these  quantities  presented 
here  must  be  taken  somewhat  in  a  general  way.  It  was  absolutely  im- 
possible for  this  Committee  to  meet  the  individual  preference  of  every 
member  of  the  Association. 

Mr.  E.  H.  Lee  (Chicago  &  Western  Indiana)  : — Mr.  Chairman,  the 
general  drift  of  the  discussion  on  the  small  coaling  station,  which  just 
preceded  the  discussion  on  the  use  of  the  locomotive  crane,  illustrates 
one  phase  of  the  situation  to  which  I  think  the  Association  should  give 
consideration,  and  it  emphasizes  one  of  the  difficulties  that  the  Com- 
mittee has  encountered  and  which  it  has  not  sufficiently  considered.  This 
coaling  question  is  a  very  interesting  question,  a  very  important  question, 
but  can  we  differentiate,  as  between  various  places  and  devices,  simply 
on  the  basis  of  the  quantity  of  coal  that  is  to  be  handled?  It  is  entirely 
true,  as  the  Committee  has  pointed  out,  that  the  type  of  coaling  station 
necessary  or  advisable  to  use  at  any  particular  point  must  be  decided 
entirely  upon  local  considerations.  The  mere  fact  that  an  engineer  on 
one  road  has  found  his  conditions  such  that  he  adopts  a  certain  type 
of  coaling  facility  may  be  no  argument  whatever  that  another  road  should 
adopt  the  same  type.  The  speaker  knows  of  certain  lines  where  the 
conditions  are  such  that  locomotive  cranes  are  used  successfully,  and 
where  he  believes  their  use  is  justified  by  all  the  facts.  There  are  other 
lines  where  undoubtedly  other  devices  are  more  to  be  desired.  He 
believes  that  the  Committee  will  make  an  error,  that  the  convention  will 
err  if  it  tries  to  decide  too  closely,  and  upon  a  basis  of  the  quantity  of 
coal  handled,  upon  the  use  of  any  particular  type  of  coal  handling 
device.  For  instance,  in  the  small  platform,  which  we  have  just  been 
discussing,  the  platform  is  used  sometimes  with  a  jib  crane.  That  is 
indicated  if  the  company  gets  no  drop-bottom  cars.  Wiih  tight  gondolas 
small  dump  cars  running  on  an  elevated  platform  are  probably  the  best. 
If  a  mixture  of  tight  and  drop-bottom  cars  is  received  some  device 
which  will  permit  both  shoveling  from  a  tight  car  and  dumping  to  a 
lower  level  from  a  drop-bottom  is  indicated.  It  is  believed  that  the 
same  line  of  argument  may  be  pursued  in  the  case  of  the  locomotive 
crane,  and  may  also  be  carried  to  the  other  divisions  that  the  Committee 
has  made. 

Mr.  Lindsay: — It  seems  to  me  that  the  Committee  places  two  restric- 
tions on  the  use  of  the  locomotive  crane — first,  the  quantity  of  coal  to  be 
used,  and,  second,  that  there  shall  be  Oiher  work  for  the  crane  to  do. 
It  occurs  to  me,  why  not  let  the  crane  shovel  coal  the  rest  of  the  day? 

Mr.  Safford : — While  I  believe  that  the  limit  of  the  locomotive  crane 
can  be  placed  at  125  tons,  it  occurs  to  me  it  would  be  proper  to  leave 
out  of  the  conclusion  any  reference  to  limit,  because  conditions  vary  so 
much.  I  have  in  mind  one  place  where  only  about  60  tons  of  coal  were 
being  handled  per  day,  but  where  the  number  of  engines  cared  for  is  so 
great  it  is  necessary  for  the  crane  to  use  considerable  time  during  the 


190  DISCUSSION  ON  BUILDINGS. 

day  handling  cinders,  and  a  great  saving  is  made  by  the  crane  in  handling 
Ihe  cinders  alone.  It  seems  to  me,  on  account  of  the  variety  of  con- 
ditions, that  it  would  be  better  for  conclusion  7  to  merely  state  that 
"where  the  conditions  were  such  that  the  consumption  of  coal  did  not 
exceed  the  capacily  of  the  locomotive  crane  that  such  a  type  of  station 
should  be  used,"  and,  if  necessary,  I  make  that  in  the  form  -of  a  motion. 

Mr.  W.  F.  Stefifens  (South  &  Western)  : — The  question  of  capacity 
of  the  crane  is  quite  important  for  ihose  about  to  decide  upon  one  form 
of  coaling  station  or  another,  and  for  that  reason  it  seems  desirable  to 
incorporate  in  the  Proceedings  the  data  available.  Perhaps  Mr.  Montfort 
can  supply  additional  data  on  that  subject. 

Mr.  R.  Montfort  (Louisville  &  Nashville)  : — We  use  locomotive 
cranes  to  a  very  large  extent  at  our  coaling  stations,  and  in  order  to 
avoid  running  the  locomotive  crane  a  great  distance  we  have  some  of 
our  chutes  on  wheels,  so  that  we  move  ihe  chutes  to  the  locomotive 
crane,  load  into  the  chutes,  then  shoot  it  out  of  the  chutes  into  the 
engines ;  but  we  do  that  at  stations  where  we  handle  much  more  coal 
than  has  been  spoken  of  at  these  small  stations,  namely  75  tons. 

Mr.  Coburn : — I  have  been  trying  to  keep  up  to  date  on  the  coaling 
plant  question,  but  the  first  I  ever  heard  of  the  device  Mr.  Montfort 
speaks  of  was  a  few  days  ago.  The  plan  he  speaks  of  is  not  feasible 
in  the  northern  part  of  the  country,  where  the  coal  deteriorates  seriously 
in  the  open  air.  Perhaps  by  storing  under  water  it  might  be  feasible 
in  this  territory. 

Mr.  Montfort: — Our  greatest  trouble  with  storing  coal  in  large 
quantities  is  spontaneous  combustion.  I  do  not  think  we  have  much  to 
complain  of  the  weathering  at  all. 

Mr.  Stefifens : — Can  Mr.  Montfort  state  approximately  the  number 
of  tons  handled  daily? 

Mr.  Montfort : — I  cannot  speak  positively,  but  I  imagine  we  handle 
a?  much  as  500  tons  a  day. 

The  President: — Can  you  give  the  cost,  as  a  matter  of  information? 

Mr.  Montfort : — I  haven't  it  at  present. 

Mr.  Stefifens : — Perhaps  he  can  submit  that  information  in  writing 
and  have  it  incorporated  in  the  report. 

Mr.  McDonald : — Mr.  Chairman,  I  would  like  to  ask  the  Committee 
whether  they  gathered  any  data  as  to  the  effect  of  the  clam-shell  dredge 
in  crushing  coal.  I  have  known  of  serious  objections  to  its  use  on 
that   account. 

Mr.  Chamberlain: — Mr.  President,  to  the  best  of  my  recollection 
that  matter  did  not  come  up  before  the  Committee. 

The  President : — The  Secretary  will  read  the  amendment  offered  by 
Mr.  Safford. 

The  Secretary: — "Where  the  consump.ion  of  coal  does  not  exceed 
the   capacity  of   a   locomotive   crane   and   other   conditions   warrant   it    is 
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recommended  that  it  be  used  as  a  desirable  and  economical  means  of 
coaling  engines." 

Mr.  Coburn : — It  seems  to  me  that  that  recommendation  merely  states 
that  the  locomotive  crane  is  one  of  the  different  coal-handling  schemes 
to  be  considered,  and  that  if  we  adopt  that  resolution  we  might  as  well 
adopt  a  resolution  giving  a  list  of  the  dififerent  types  which  have  been 
proven  out;  s'.ating,  for  instance,  that  where  the  conditions  warrant 
either  a  two-bucket  hoist,  a  conveyor  or  a  link-belt  plant  are  available 
for  handling  coal  and  that  the  selection  of  a  slant  should  depend  upon 
local  conditions.  I  think  if  we  do  that  it  is  really  all  that  we  can 
accomplish  satisfactorily. 

The  President : — The  question  is  upon  the  adoption  of  the  amend- 
ment offered  by  Mr.   Safford  to  conclusion  7  of  the  Committee's  report. 

Mr.  Chamberlain : — Mr.  President,  I  think  I  may  say  for  the  Com- 
mittee that  the  amendment  as  now  presented  by  Mr.  Safiford  does  not 
at  all  meet  the  views  of  the  Committee.  The  consensus  of  opinion  of 
the  Committee,  and  I  think  I  speak  for  every  member  of  it,  was  that, 
as  a  general  proposition,  a  locomotive  crane  is  an  extremely  valuable 
appliance  where  there  is  other  work  for  the  crane  to  do;  that  in  most 
cases  where  a  coaling  station  is  desired  something  else  is  better.  There 
might  be  some  places  at  which  no  storage  was  desired  or  large  storage 
was  not  necessary  where,  even  though  a  large  quantity  of  coal  per  day 
were  needed,  a  locomotive  crane  would  be  desirable ;  but  the  feeling 
of  the  Committee  and  the  action  of  the  Committee  in  presenting  this 
conclusion  7  was  based  on  its  feeling  that  the  proper  place,  generally 
speaking,  for  a  locomotive  crane  is  in  terminals  where  the  locomotive 
crane  can  perform  other  work.  I  want  to  make  this  clear  so  that  the 
convention  will  understand  the  Committee's  position  on  it.  I  hope  that 
the  amendment  will  fail. 

Mr.  Lee : — I  second  the  amendment  submitted,  and  in  seconding  it 
would  say  that,  as  I  understand  it,  the  amendment  provides  exactly 
what  the  chairman  states  he  wishes  it  to  provide,  namely,  that  while 
we  are  not  championing  the  locomotive  crane,  we  believe  that,  under 
certain  conditions,  it  is  a  valuable  device,  that  it  is  better  suited  for 
use  than  most  other  devices,  and  that  nowhere,  when  these  conditions 
exist,  will  it  fail  of  satisfactory  service. 

Mr.  McGuigan : — "At  terminals  where  the  daily  consumption  of  coal 
will  justify  the  outlay  and  does  not  exceed  the  capacity  of  the  locomo- 
tive crane."  A  locomotive  crane,  to  handle  75  tons  of  coal,  with  the 
original  investment,  will  have  a  daily  fixed  charge  at  as  much  as  it  would 
cost  to  handle  coal  by  hand.  For  that  reason  I  do  not  think  it  would 
be  an  economical  way  of  handling  it. 

The  President: — Do  I  understand  the  mover  of  the  resolution  accepts 
Mr.  McGuigan's  phraseology  as  part  of  his  motion?  The  Secretary  will 
please  read  the  motion  with  those  words  added. 

Mr.  Montfort: — I  was  about  to  ask  how  that  would  affect  a  coaling 
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station  where  you  use  two  locomotive  cranes,  as  we  do  at  Nashville, 
Tenn. 

Mr.  McDonald: — Mr.  Chairman,  I  would  like  to  offer  a  motion  in 
lieu  of  this  motion,  if  it  is  in  order. 

The  President : — Is  it  an  amendment  offered  or  a  motion  to  replace 
the  other? 

Mr.  McDonald : — It  would  be  to  replace  the  other,  or  rather  to 
refer  it  back  to  the  Committee.  The  Committee  has  already  stated  that 
it  did  not  give  consideration  to  the  question  of  the  crushing  of  the 
coal  by  the  use  of  this  crane.  It  has,  furthermore,  omitted  to  consider 
a  system  which  is  prevalent  throughout  the  South  and  used  in  very 
large  stations,  and  I  do  not  believe  the  conclusion  is  warranted  by  their 
investigation,  and  I  move  therefore  that  it  be  referred  back  to  the 
Committee  for  further  consideration. 

The  President : — Your  motion,  Mr.  McDonald,  refers  exclusively 
to  conclusion  7? 

Mr.  McDonald : — Yes,  sir ;  the  one  under  consideration. 

Mr.  Chamberlain : — I  would  like  to  say,  on  behalf  of  the  Committee, 
that  this  matter  has  already  been  referred  back  once,  and  we  woul^ 
like  to  have  the  convention  dispose  of  it.  So  far  as  the  breaking  of  the 
coal  by  clam-shell  buckets  is  concerned,  I  stated  that  the  matter  did 
not  come  up  for  discussion  in  the  Committee,  and  personally  I  may  say 
I  regard  it  as  comparatively  unimportant.  Locomotive  cranes  are  being 
used  in  the  yards  in  Chicago  all  the  time.  They  are  being  used  often 
in  an  emergency,  and  I  think  there  is  a  good  deal  more  soft  coal  that 
goes  into  the  tenders  of  locomotives  which  is  too  large  than  there  is 
that  is  too  small,  and  I  believe  the  firemen,  if  questioned,  would  agree 
with  me.     I  hope  that  the  motion  to  refer  back  may  not  prevail. 

Mr.  Carothers : — I  sympathize  with  the  Committee ;  but  it  seems 
to  me  they  are  on  entirely  wrong  lines.  I  do  not  believe  that  you  can 
measure  the  economical  operation  of  a  coaling  station  by  the  quantity 
of  coal  used.  This  is  a  problem  we  have  all  struggled  with  on  railroads. 
Every  time  the  question  comes  up  for  establishing  a  coaling  station  we 
try  to  work  out  the  kind  that  will  be  most  economical.  Sometimes  it 
is  a  locomotive  crane;  sometimes  one  kind  of  chute  and  sometimes 
another.  It  seems  to  me  it  is  impossible  for  the  Association  to  establish, 
by  tonnage  capacity  at  least,  -fixed  plans,  and  I  therefore  think  it  should 
be  referred  back  to  the  Committee,  to  be  taken  up  on  other  lines.  I 
do  not  believe  it  can  be  worked  out  on  these  lines  at  all. 

The  President : — The  question  is  to  refer  conclusion  7  of  the  Com- 
mittee's  report  back  to  the   Committee   for   further   consideration. 

Mr.  Lum: — Mr.  Chairman,  will  not  the  same  difficulty  arise  with 
the  other  methods  of  handling  coal?  We  have  discussed  No.  6  and 
accepted  that,  although  it  does  not  seem  to  be  quite  ideal.  We  have 
reached  No.  7  and  that  has  its  advocates  and  its  opponents.  When  we 
get  to  th6  others  there  will  be  the  same  trouble.    It  seems  to  me  that 
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all  these  devices  should  be  reconsidered  or  that  all  should  be  voted 
on  now^. 

The  President: — The  question  is  upon  recommitting  the  conclusion 
7  to  the  Committee. 

(The  motion  to  recommit  conclusion  7  to  the  Committee  was  then 
voted  upon  and  carried.) 

The  President : — Conclusion  7  will  be  referred  to  the  Committee  for 
further  consideration. 

Mr.  C.  A.  Morse  (Santa  Fe)  : — In  connection  with  recommitting 
this  subject  to  the  Committee,  I  would  like  to  ask  that  the  Committee 
be  instructed  to  consider  cases  where  it  is  desired  to  weigh  the  coal, 
where   weighing  devices   are  to  be   included   in   the  plant. 

The  President: — The  Committee  will  take  note  of  Mr.  Morse's 
suggestion. 

The  Secretary: — "Majority  Report:  (8)  At  terminals,  where  the 
requirements  are  from  seventy-five  to  two  hundred  tons  per  day,  and 
a  deep  foundation  is  practicable,  a  'balanced  two-bucket  hoist  type'  of 
coaling  station  is  recommended.     Plate  5. 

"Minority  Report:  (8)  At  terminals,  where  the  requirements  do 
not  exceed  200  tons  a  day,  when  the  desired  storage  is  not  so  great 
that  auxiliary  buckets  are  necessary  and  where  a  deep  foundation  is 
practicable,   a   two-bucket   hoist   is    recommended." 

The  President : — The  question  will  be  upon  the  adoption  of  the 
minority  report. 

Mr.  Coburn: — The  point  upon  which  I  differed  from  the  majority 
Of  the  Committee  was  that  I  did  not  consider  the  two-bucket  hoist 
suitable  for  large  storage..  There  is,  as  we  stated  in  the  early  part  of 
the  report,  a  scheme  for  adapting  this  type  of  station  to  large  storage, 
which  has  not  yet  been  tried  out  and  which  I  do  not  feel  the  Com- 
mittee  is   justified   in    recommending  at  the  present  time. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
Mr.  President,  I  move  the  adoption  of  the  minority  report  in  lieu  of  the 
majority  report,  paragraph  8,  amending  it  to  read  300  tons  instead  of  200. 
We  have  had  experience  enough  with  this  type  to  know  that  it  can 
easily  and  economically  handle  300  or  more  tons  per  day,  and  I  see  no 
reason  why  its  use  should  be  limited  to  as  little  as  200  tons.  The  type 
is  capable  of  very  broad  application,  and  I  favor  the  minority  report 
rather  than  the  Committee  report,  because  there  is  no  lower  limit  given 
to  the  daily  consumption,  and  there  are  many  cases  where  this  type 
would  be  economical  and  practical  for  consumption  of  as  little  as  50  or 
60  tons  a  day. 

The  President : — The  question  is,  first,  upon  the  amendment,  chang- 
ing 200  to  300. 

Mr.  Safford : — It  seems  to  me,  to  be  consistent  with  section  7,  that 
we  should  work  along  the  same  lines  in  section  8.     I  concede  the  fact, 
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however,  that  this  type  of  station  is  of  greater  capacity  than  the  loco- 
motive crane. 

The  President: — Are  you  ready  for  the  question  on  the  amendment? 

Mr.  Steffens : — The  value  of  the  conclusion  is  enhanced  by  men- 
tioning some  capacity.  The  publications  of  the  Association  aie  widely 
distributed.  In  examining  these  for  information  as  to  one  type  or 
janolher  readers  are  invariably  primarily  interested  in  the  approximate 
capacities  of  various  systems  of  coal-handling  plants.  If  all  mention  of 
capacity  is  eliminated  from  clauses  7  and  8  the  essence  of  the  conclusions 
will  be  removed. 

Mr.  Lindsay: — I  quite  agree  with  the  previous  speaker.  Speaking 
of  the  word  "capacity,"  it  is  not  the  capacity  of  tons  per  day;  it  is  the 
capacity  of  the  crane  at  the  peak  load ;  the  number  of  tons  that  must 
be  coaled  per  hour  at  noon  or  midnight,  and  it  seems  to  me  that  the 
Committee  should  address  themselves  to  an  investigation  of  the  capacity 
of  these   various   appliances  per  hour  rather   than   per   day. 

(A  vote  being  taken,  the  amendment  was  carried.) 

The  President : — The  question  now  is  on  the  adoption  of  the  minority 
report,  offering  conclusion  8  as  amended. 

(Conclusion  8,   as   amended,    upon   vote,   was   adopted.) 

The  Secretary: — "Majority  Report:  (9)  For  terminals  larger  than 
those  previously  considered,  the  type  of  coaling  station  which  should  be 
selected  as  most  desirable  is  dependent  entirely  upon  local  conditions. 
Where  it  is  required  that  coal  be  delivered  to  not  more  than  two  tracks 
and  where  the  necessary  ground  space  is  available,  a  coaling  station  of 
the  "trestle  type,"  with  incline  approach,  is  recommended.  In  yards 
where  delivering  locomotives  are  constantly  in  attendance  a  plant  with 
a  five  per  cent,  incline  is  preferable  to  one  with  a  twenty  per  cent,  grade 
operated  by  a  hoisting  engine.  (Plates  2  and  3.)  Where  it  is  required 
to  deliver  coal  to  more  than  two  tracks,  or  where  the  ground  space  for 
a  "trestle  type"  is  not  available,  a  "mechanical  conveyor  type"  is  recom- 
mended.    (Plates  5,  6  and  7.) 

"Minority  jReport :  ^(9)  At  points  where  the  requirements  are 
greater  than  this  a  mechanical  conveyor  plant  is  recommended,  except 
that  when  the  track  arrangement  and  the  ground  space  available  permit, 
especially  where  it  is  difificult  to  obtain  proper  care  of  a  mechanical  plant, 
the  use  of  a  trestle  should  also  be  considered." 

Mr.  Chamberlain : — In  regard  to  that  conclusion,  of  course,  the 
report  speaks  for  itself  to  a  great  extent.  The  majority  of  the  Com- 
mittee was  diametrically  opposed  to  Mr.  Coburn  on  this  proposition,  the 
majority  of  the  Committee '  believing  that  the  trestle  type  of  coaling 
station,  for  large  stations,  was  the  preferable  type  of  the  two,  while  Mr. 
Coburn  believes  that  a  mechanical  conveyor  type  is  the  better,  the  dis- 
tinction between  the  two  being  that  the  minority  report  recommends  a 
mechanical  conveyor  type  in  all  except  special  cases,  and  the  majority 
report  recommends  the  trestle  type,  with  incline  approach,  in  the  majority 
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of  cases,  using  the  mechanical  type  in  special  cases.  I  think  that  the 
experience  of  the  engineers  and  superintendents  on  most  lines  will  bear 
out  the  opinion  of  the  majority  of  the  Committee  that  the  trestle  type 
is  by  far  the  more  economical  in  handling  coal  and  is  simpler  of  opera- 
tion. I  believe  that  nine-tenths  of  the  men  in  the  operating  department 
who  have  to  handle  the  coal  would  prefer  to  handle  it  that  way  in  large 
stations.  In  my  own  experience  I  have  had  under  my  charge  a  number 
of  stations  of  both  classes  and  I  know  that  we  had  very  little  trouble 
with  the  incline  type,  while  we  were  continually  having  trouble  with 
the  mechanical  types.  I  should  be  glad  to  see  the  minority  report  fail 
and  the  majority  report,  or  something  similar,  adopted. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  wish  to  speak  in  favor  of 
the  Committee  majority  report  on  clause  9.  I  agree  with  the  chairman 
of  the  Committee,  that  it  is  preferable  for  us  to  endorse  a  trestle  type 
for  large  coaling  stations  as  most  desirable  to  have  and  aim  to  get, 
except  where  local  conditions  require  a  mechanical  type.  That  is  no 
reflection  on  the  mechanical  type,  in  the  sense  that  we  are  trying  to  keep 
it  down.  It  simply  acknowledges  the  well-known  superiority  of  the 
trestle  type,  as  I  consider,  in  maintenance,  and  especially  in  operation, 
and  our  aim  should  be  to  indicate  that  the  trestle  type  is  the  pref- 
erable one  to  aim  for,  where  local  conditions  permit,  and  that  the 
mechanical  type  is  necessary  in  other  cases.  I  think  the  majority  report 
of  the  Committee,  clause  9,  is  well  worded,  in  fact,  I  regret  that  clauses 
7  and  8  have  not  been  prepared  so  that  they  could  receive  the  same 
recommendation.  I  think  clause  9  expresses  the  question  at  issue  in 
such  a  manner  that  we  can  stand  back  of  it,  and  yet  it  gives  distinctive 
characteristics  and  the  recommendation  is  of  some  value. 

Mr.  Coburn  : — In  regard  to  the  majority  report,  my  understanding  is 
that  the  20  per  cent,  grade  is  more  economical  than  the  five  per  cent, 
grade ;  the  original  cost  is  about  the  same  and  the  operation  is  somewhat 
cheaper  and  very  much  less  dangerous ;  that  the  liability  of  having  an 
accident  in  pushing  the  coal  up  such  a  heavy  grade  and  onto  such  high 
trestle  as  is  necessary  is  attended  with  a  good  deal  of  danger.  When 
it  comes  to  the  question  of  a  mechanical  plant  or  a  trestle  plant  I  think 
the  changes  which  we  are  experiencing  constantly  are  working  more  and 
more  in  favor  of  the  mechanical  plant.  Cars  are  getting  heavier,  engines 
are  getting  heavier;  the  trestle  must  be  built  and  maintained  to  carry 
the  heavy  cars  and  engines.  If  built  of  timber  it  must  have  more  fre- 
quent renewal  than  the  structure  for  a  mechanical  plant,  and  timber  is 
getting  more  expensive.  If  it  is  a  fireproof  structure  a  long  trestle  is 
a  very  expensive  luxury.  At  a  large  terminal  the  prime  object  of  a 
coaling  plant  should  be  not  to  have  a  low  cost  per  ton,  but  to  give 
economical  handling  of  locomotives ;  that  is,  to  have  a  terminal  which 
is  compact  and  economically  arranged,  to  be  spread  out  as  little  as 
possible  and  to  coal  ordinarily  on  more  than  two  tracks.  The  mechanical 
plant  is  flexible  and  can  meet  so  many  different  conditions.     The  trestle 
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plant  can  only  coal  on  two  tracks  and  in  the  middle  of  the  yard.  Yoil 
have  to  split  up  the  yard  by  the  long  trestle.  I  think  also  that  the 
mechanical  plant  is  getting  better  every  day.  There  are  new  types  and 
it  is  getting  to  be  an  efficient  machine.  You  cannot  run  a  railroad 
nowadays  without  machinery,  and  there  are  only  a  few  places  where 
you  cannot  provide  proper  means  to  take  care  of  the  machinery.  You 
do  not  use  that  as  an  insurmountable  objection  to  more  complicated 
appliances,  and  it  seems  to  me  that  the  dangers  from  breakdowns  of 
the  mechanical  plant  are  very  small.  Another  point  I  have  been  empha- 
sizing is  the  requirements  for  large  storage.  You  can  get  large  storage 
cheaper  on  a  mechanical  plant  than  you  can  on  a  trestle  plant.  I  think 
that  when  you  figure  out  the  cost  of  maintenance,  operation,  insurance, 
depreciation  and  interest,  that  in  almost  every  case  the  modern,  well- 
designed  mechanical  plant  will  show  up  cheaper,  and  that  it  will  also 
give  a  more  economical  arrangement  for  operation.  The  figures  we 
showed  last  year  for  the  trestle  plant  were  unfortunately  almost  entirely 
plants  of  very  large  consumption,  and  the  comparison  with  the  figures 
for  the  mechanical  plants  was  not  quite  fair.  The  figures  for  the 
trestle  plants  did  not  show  the  cost  of  renewal  of  any  of  the  trestles. 
I  must  confess  that  we  have  no  accurate  records  for  comparing  the 
different  types,  but  for  a  plant  which  is  reliable,  which  is  fireproof  and 
which  meets  all  conditions  I  believe  that  a  mechanical  conveyor  plant 
will  show  better  results,  when  the  cost  of  shifting  the  coal  onto  a  trestle 
plant  with  a  locomotive  is  considered. 

Mr.  Ewing: — I  want  to  endorse  what  Mr.  Berg  has  said,  and  I  hope 
the  report  of  the  Committee  will  stand.  Anyone  who  has  used  the 
two  types  will,  I  think,  undoubtedly  be  forced  to  that  conclusion.  We 
have  both  types  on  our  road  and  I  do  not  see  how  it  is  possible  to 
conclude  that  it  costs  less  to  dump  coal  into  a  hopper,  hoist  it  up  in 
little  buckets  to  the  top  of  the  bin  and  dump  it  into  the  bin,  than  the 
cost  of  shoving  the  car  up  an  incline  where  a  switch  engine  is  available. 
Anyone  that  has  used  both  types  is  forced  to  the  conclusion,  I  believe, 
that  the  trestle  type  is  preferable  where  it  can  be  built.  That  is  about 
what  the  majority  report  of  the  Committee  concludes,  and  I  hope  that 
the  report  will  stand. 

The  President : — The  question  is  upon  the  adoption  of  the  minority 
report,  offering  conclusion  9. 

(A  vote  was  then  taken  upon  the  adoption  of  the  minority  report, 
conclusion  9,  which  was  lost.) 

The  President : — The  question  is  on  the  adoption  of  conclusion  9 
as  offered  by  the  Committee. 

Mr.  Chamberlain : — Mr.  Chairman,  I  move  the  adoption  of  conclusion 
9  as  presented  in  the  majority  report  by  the  Committee. 

Mr.  Ewing': — I  second  the  motion. 

Mr.  McGuigan : — I  would  like  to  ask  the  chairman  of  the  Committee, 
if  he  would  accept,  as  a  substitute,  commencing  with  the  sixth  line,  "in 
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yards  where  delivering  locomotives  are  constantly  in  attendance."  I 
do  not  think  the  Committee  means  to  keep  a  locomotive  standing  there 
all  the  time.     "Constantly  available"  I  think  would  be  better. 

Mr.  Chamberlain : — The  Committee  will  accept  the  suggestion. 

The  President: — The  Committee  will  accept  the  suggestion  and  will 
amend  the  conclusion  accordingly.  The  question  now  is  upon  the 
adoption   of  the  conclusion   as   amended  by  the    Committee. 

(A  vote  was  then  taken  and  conclusion  9,  as  amended  by  the  Com- 
mittee, was  adopted.) 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — Mr.  Chairman,  before  we 
leave  this  subject  I  would  like  to  make  a  motion  to  reconsider  clause  7. 
The  Committee,  in  preparing  this  report,  gave  sufficient  warning  in 
advance,  under  clause  5,  that  each  installation  must  be  considered  as  an 
individual  problem,  with  the  fact  that  these  were  not  to  be  considered 
ironclad  rules  nor  plans.  It  then  proceeded  from  the  smallest  form  of 
coaling  station  to  the  largest,  with  three  general  types,  which  general 
types,  I  believe,  would  be  considered,  as  a  rule,  just  about  what  they 
should  be  in  the  order  in  which  they  are  used.  By  the  eHmination  of 
conclusion  7  the  arrangement  stands  with  an  important  link  of  the  chain 
missing,  and  it  is  pretty  badly  mangled.  I  am  not  in  accord  with  con- 
clusion 7  exactly  as  it  was  written,  but  as  amended  by  Mr.  Safford  and 
further  amended  by  Mr.  McGuigan,  I  believe  it  is  a  good,  general  sub- 
stitute for  what  was  there  and  that  the  report  will  be  very  much  more 
complete  if  it  is  given.  I  therefore  move  that  clause  7  be  reconsidered 
and  that  the  resolution  be  as  made  by  Mr.  Safford,  as  amended  by  Mr. 
McGuigan. 

The  President : — I  would  ask  the  mover  if  the  motion  is  to  re- 
commit? 

Mr.   Baldwin: — No,   sir;   I  think  not. 

The   President: — Is  the   motion  to   reconsider? 

Mr.  McDonald : — Mr.  Chairman,  I  voted  in  the  affirmative  on  this 
question,  and  I  am  perfectly  willing  to  vote  to  have  it  reconsidered  jf 
the  convention  is  ready  to  say  that  this  report  as  now  adopted  is  ready 
to  go  into  the  Manual.  I  do  not  think  it  is,  and  I  believe,  with  the 
expressions  that  the  Committee  has  had  this  afternoon,  they  can  re- 
consider this  No.  7  and  probably  put  it  in  shape  to  be  published  in  the 
Manual  at  the  next  convention,  but  I  do  not  believe  any  of  it  ought 
to  go  in  as  it  stands  at  present. 

The  President : — Do  you  make  a  motion  to  reconsider  the  action 
of  the  Committee? 

Mr.  McDonald : — For  the  purpose  of  ascertaining  the  sentiment  of 
the  convention  I  move  that  we   reconsider  it. 

Mr.  Chamberlain : — I  should  like  to  say,  in  support  of  that  motion, 
that  Mr.  Baldwin  has  stated  the  case  exactly  as  we  understand  It. 
Mr.  Coburn,  when  No.  7  was  recommitted,  said  to  me,  "the  convention 
will  recommit  all  the  rest  of  them,"  and  I  then  said,  "Well,  let  the  con- 
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vention  do  it."  I  think  it  is  as  Mr.  Baldwin  has  stated,  that  if  con- 
clusions 8  and  9  are  adopted,  as  they  have  been,  and  one  of  the  previous 
conclusions  omitted,  the  link  in  the  chain  is  broken.  We  did  endeavor 
to  present,  in  a  general  way,  the  preferable  types  for  various  sized 
stations,  based  on  daily  tonnage  to  be  handled.  It  seems  to  me  that  it 
is  quite  proper  for  this  convention,  having  adopted  the  balance  of  this 
report,  to  reconsider  this  portion,  No.  7,  and  adopt  something  which  will 
fill  this  vacancy,  and  I  am  quite  sure  that  the  Committee  will  be  very 
glad  to  have  the  convention  take  this  action. 

(Upon  vote,  the  motion  to  reconsider  conclusion  7  was  carried.) 

The  President : — The  conclusion  is  now  before  the  convention  for 
further  consideration. 

Mr.  Berg : — Carrying  out  the  suggestion  of  Mr.  Baldwin,  which  is  a 
good  one,  that  there  is  a  link  missing,  and  asking  for  a  determination 
of  the  characteristics  of  the  various  types  of  coaling  station,  all  points 
to  the  conclusion  No.  5  as  the  preamble  for  the  series  of  conclusions. 
I  suggest  that  6,  7,  8  and  9  should  be  sub-conclusions  of  No.  5.  Would 
that  not  be  acceptable  to  the  chairman  of  the  Committee?  I  think  they 
should  be  emphasized  as  sub-items  of  No.  5. 

Mr.  Chamberlain: — That  would  be  entirely  satisfactory,  Mr.  Chair- 
man. 

The  President : — Do  you  desire  to  make  a  motion,  Mr.  Berg,  to 
secure  that  action  by  the   Committee? 

Mr.  Berg: — I  do  not  think  that  is  necessary.  The  Committee  accepts 
that,  as  I  understand  it. 

The  President : — Conclusion  No.  7  has  not  been  adopted.  The  Com- 
mittee on  Buildings  now  desires  to  change  the  relations  of  its  conclu- 
sions 6,  7,  8  and  9,  making  them  a  part  of  conclusion  5.  The  same 
action  with  reference  to   conclusion  7  is  necessary. 

Mr.  Ewing: — Mr.  Chairman,  there  seems  to  be  some  considerable 
objection  to  the  naming  of  any  certain  consumption  of  coal  in  con- 
clusion 7,  on  account  of  the  objections  named  by  Mr.  Montfort  and 
Mr.  Lum.  I  would  make  a  motion  that  the  following  be  substituted, 
which  I  believe  will  cover  most  of  the  objections  that  have  been  raised: 
"At  terminals,  under  certain  conditions,  a  locomotive  crane,  with 
suitable  bucket,  is  desirable,  particularly  where  other  work  can  be 
economically  performed  by  the  mechanical  crane." 

Mr.  McGuigan : — Our  impression  is  that  at  coaling  stations  of  the 
capacity  of  75  tons  per  day,  that  there  would  not  be  one  in  100  where 
you  would  have  a  locomotive  crane,  and  I  do  not  believe  that  would 
cover  the  case. 

Mr.  Chamberlain : — If  I  understood  that  motion,  75  tons  is  stricken 
out. 

Mr.  Ewing : — No  reference  to  any  amount. 

Mr.    Safford : — I    would   like   to   move  that   the   amendment   be   sub- 
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stituted  for  Mr.  Ewing's  motion  in  the  language  prepared  when  this 
was  under  discussion  before. 

Mr.  Baldwin : — I  would  like  to  have  the  Secretary  read  the  amend- 
ment to  the  amendment. 

(The  Secretary  then  read  the  original  motion  made  by  Mr.  Safford.) 

The  President: — Does  Mr.  Ewing  accept  that  as  a  substitute  for 
his    motion? 

Mr.  Ewing: — I  understood  that  that  would  not  be  acceptable  to  the 
Committee.  I  understand  that  they  want  some  reference  made  to  the 
economical  use  of  this  crane,  particularly  where  other  work  can  be  done; 
it  was  for  that  reason  that  I  included  that,  and  I  believe  it  is  rather 
important  that  we  do  emphasize  that  point.  We  have  made  installa- 
tions of  this  kind  for  the  reason  that  we  can  use  the  locomotive  crane 
for  other  work,  and  I  would  like  to  see  that  feature  of  it  brought  out. 

Mr.  Baldwin : — Mr.  Chairman,  I  would  like  to  suggest  that  the  use 
of  this  locomotive  crane  for  other  purposes  is  not  necessary.  It  may 
be  that  there  will  be  a  sufficient  amount  of  coal  for  it  to  handle  to  make 
it  economical.  It  is  the  economical  use  of  the  crane,  regardless  of 
whether  it  is  for  handling  coal  or  whether  it  can  be  used  to  handle  coal 
and  for  other  purposes.  It  is  used  for  cinders  and  at  shops,  to  great 
advantage,  and  renders  a  crane  economical  for  coal  where  it  could 
not  be  otherwise,  and  it  seems,  therefore,  that  the  amendment  is  all 
right,  covering  any  case  where  it  can  be  used  to  advantage. 

Mr.  Chamberlain : — I  do  not  want  to  say  anything  further  on  that 
feature  of  it,  except  to  ask  the  engineers  present — I  mean  answer  it 
to  yourselves — provided  you  ha'd  no  other  use  for  a  locomotive  crane, 
would  you  install  a  locomotive  crane  as  a  coaling  proposition  pure  and 
simple?    Answer  that  question  and  you  will  settle  the  whole  controversy. 

The  President : — The  question  is  upon  the  substitution  of  the  amend- 
ment of  Mr.  Safford  to  the  amendment  offered  by  Mr.  Ewing. 

(A  vote  was  then  taken  upon  the  proposed  amendment,  which 
was  lost.) 

The  President : — The  question  is  upon  the  adoption  of  Mr.  Ewing's 
amendment  to  the   Committee's  conclusion   No.   7. 

(By  a  rising  vote  the  amendment  offered  by  Mr.  Ewing  was  then 
adopted.) 

The  President: — Conclusion  7  is  amended.  Conclusions  6,  8  and  9 
are  now  made  addenda  to  conclusion  5,  as  listed  by  the  Committee. 
The  question  now  is  upon  the  adoption,  as  a  whole,  of  conclusion  5, 
with  the  addenda  of  the  other  conclusions. 

(Conclusion  5,  upon  vote,  was  then  adop'.ed.) 

Mr.  Berg: — Mr.  Chairman,  I  would  like  to  ask,  for  information, 
whether  conclusion  S,  as  adopted,  is  to  be  included  in  the  Manual,  and 
whether  the  Committee  deem  it  desirable  to  include  it  in  the  Manual 
of   Recommended    Practice. 

Mr.   Chamberlain: — That   was  the   intention  of  the   Committee. 
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Mr.  Churchill : — Before  that  question  is  put  to  a  vote,  I  would  like 
to  ask  the  Committee  in  what  manner  they  thought  of  covering  coaling 
stations  between  terminals.  There  is  no  mention  of  them  in  this  report, 
and  yet  every  road  must  have  coaling  stations  between  terminals.  Such 
omission  indicates  further  work  for  the  Committee  on  that  subject. 

Mr.  Chamberlain : — Mr.  President,  it  seems  to  me  that  what  is 
required  here  is  simply  an  interpretation  of  what  is  meant  by  "terminals." 
Of  course,  we  have  terminals  and  sub-terminals.  We  would  consider 
any  point  which  was  important  enough  for  freight  trains  to  stop 
for  water  or  coal,  as  coming  under  the  general  head  of  "terminals." 

The  President : — The  Secretary  will  read  the  Committee  report, 
paragraph   2,  on  page  70. 

The  Secretary: — "(2)  Use  of  Reinforced  Concrete  for  Roundhouses. 
In  preparing  a  report  on  the  use  of  reinforced  concrete  for  round- 
houses, your  Committee  has  made  a  comparison  of  the  diflferent  mate- 
rials that  may  be  used,  and  has  considered,  in  a  general  way,  the  subject 
of  roundhouse  construction  and  the  advisability  of  building  them  fire- 
proof. 

"For  the  purpose  of  this  discussion  we  will  consider  the  roundhouse 
to  be  divided  into  (a)  Foundations  and  Pits;  (b)  the  Roof;  (c)  Sup- 
porting Columns,  and  (d)  Outer  Walls,  which  will  be  considered  in  the 
order  named." 

Mr.  Churchill : — Following  out  the  Committee's  report  of  what  they 
have  done  it  appears  they  have  not  covered  the  coaling  on  two  tracks, 
or  four  tracks,  except  by  mechanical  device.  Diagrams  are  shown  for 
single  track,  as  in  the  case  of  a  wharf ;  but  the  mechanical  device  only 
will  apply  for  two  or  more  tracks. 

Mr.  Berg: — I  do  not  understand  that  the  diagrams  are  recom- 
mended for  publication  in  the  Manual. 

Mr.  Chamberlain : — The  diagrams  are  simply  put  in  as  explanatory 
of  the  report.     They  would  be  too  bulky  for  the  Manual. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  :--It  seems  to  me 
that  Mr.  Churchill  is  correct  in  his  idea  that  the  Committee  has  not 
made  a  complete  report.  The  instructions  were  to  present  a  recom- 
mendation of  the  best  type  of  locomotive  coaling  stations  to  adopt  under 
various  conditions.  The  Committee  has  not  presented  any  recommenda- 
tions in  respect  to  main-line  coaling  plant.  A  main-line  coaling  plant 
i;'.  different  from  a  yard  coaling  plant,  and  there  should  be  some  con- 
clusion with  respect  to  this  subject.  Further,  with  respect  to  conclusion 
5,  mention  has  been  made  that  it  would  be  impossible  to  give  the  abso- 
lute limit  between  various  types  of  coaling  track.  The  Committee  then 
says  that  the  elements  to  be  considered  are  materials,  etc.,  but  there  are 
two  points  not  mentioned  in  conclusion  5  which  are  very  essential. 
First,  the  type  of  coaling  plant  that  will  deliver  coal  at  the  lowest 
cost  to  the  tender,  and  consequently,  what  type  of  coaling  plant  will 
serve  locomotives,  so  that  the  dead  time,  from  the  tirne  the  locomotive 
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reaches  the  terminal  until  it  is  ready  again  for  service  on  the  road, 
is  the  shortest.  Those  two  principles  should  be  annexed  to  con- 
clusion 5. 

The  President: — The  chairman  will  proceed  with  the  statement 
as  to  the  matters  following  the  report  for   reaching  conclusions. 

Mr.  Chamberlain : — Topic  2  given  to  the  Committee  is  "Report  on 
use  of  concrete  for  roundhouses."  That  topic  was  placed  in  the  hands 
of  a  sub-committee,  of  which  Mr.  Coburn  was  chairman,  and  the  re- 
port presented  here  is  substantially  the  work  of  that  Committee.  I  will 
ask  Mr.  Coburn  to  present  the  matter. 

Mr.   Coburn : — The   instructions  of  the  Association   were   to   prepare 
a  report  on  the  use  of  reinforced  concrete  for  roundhouses.     The  Com- 
mittee, in  discussing  the  question,  divided  the  house  into  foundation  and 
pits,  or  that  part  below   the  floor,   roof,   supporting  columns   and  outer 
walls.     The   foundation   and   the   pits   should   be   of   reinforced   concrete, 
where  that  material  offers  a  cheaper  cost.     The  design  of  the  roof  de- 
termines the  design  of  the  entire  house.     Steel,  from  its   cost  of  paint- 
ing   and    protection    from    corrosion,    is    not   a    satisfactory    material    for 
enginehouse   construction,    and   we   therefore    confined    our    discussion    of 
roof  materials  to  reinforced  concrete  and  wood.     The   Committee  states 
that  for   fireproof  roof  construction   reinforced   concrete  is  the  cheapest 
and    most    durable    material ;    that    a    reinforced    concrete    roof    did    not 
require  as  expensive  a  covering  as  did  a  wooden  roof,   and  that   for   a 
wooden   roof   the    slow-burning   construction    is   not    economical;    that    if 
the  roof  were  of  reinforced  concrete,  it  should  be  supported  by  columns 
of  the  same  material,  and  that  for  a  wooden  roof,  wooden  posts  were  as 
good  as  reinforced  concrete  posts.     We  recommended  that  for  a  concrele 
roof    the    columns    on    the    inner    circle    to    which    doors    were    attached 
should  be  made  of  some  other  material  than  concrete.     In  making  our 
comparisons   we   recommended   designs   in   which   all   the   available   space 
in  the  outer  wall   was  occupied  by  windows,   cutting  down   the   curtain 
walls  to  the  lowest  possible  amount.     We  compared  the  diffi^rent  types 
of  wall  construction,  including  one  which  has  just  been  introduced,  the 
plaster   wall,  which  would  seem  to  be  worthy  of  consideration  in  some 
cases.     In  a  large  house,  the  concrete  roof  cost  per  unit  would   be  less 
than  in  a  small  house,  on  account  of  the  forms  which  can  be  used  several 
times.     We  prepared  a  table,  plate  8,  in  which  are  compared  the   costs 
of  the  parts  of  the  house  which  vary  with  the  different  types  of   con- 
struction.     This    shows    the    reinforced    concrete    roof,    with    concrete, 
brick    and    plaster    walls,    and    compares    the    house    with    plaster    walls 
with  a  larger  house,  with  similar  walls ;   shows  the  house  with  wooden 
roof,   with   brick   walls,   plaster   walls    and   wooden   walls,   with    concrete 
up  to  the  window  sills ;  shows  separately  the  cost  of  the  roof  covering, 
which   was   less   for  the  concrete   than    for  the   wooden   roof;   the   front 
post,    cast-iron,    with    the    reinforced    concrete    house    and    wood    with 
the  house  with  the  wooden  roof;  the  roof  beams   and   remaining  posts; 
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the  walls  and  the  millwork  which  included  the  doors  and  windows.  The 
Items  were  totaled  up,  and  the  annual  cost  per  stall  is  shown  In 
computing  interest  and  depreciation  we  considered  that  the  house  was 
gradually  deteriorating,  not  in  itself,  because  it  was  supposed  to  be 
fully  maintained,  but  in  its  value  for  the  uses  required  of  it,  as  con- 
ditions change.  The  interest  and  depreciation  were  computed  each 
year  on  the  depreciated  value  of  the  house.  This,  with  an  annual  de- 
preciation charge  of  lo  per  cent.,  gave  a  valuation  in  ten  years  of  about 
35  per  cent,  of  the  original  cost.  This,  if  anything,  operates  in  the 
comparison  against  the  more  expensive  type.  In  the  insurance,  no  in- 
surance is  shown  on  the  fireproof  houses.  I  think  we  might  have  been  a 
little  more  accurate  if  we  had  shown  insurance  on  the  parts  which  are 
not  fireproof,  such  as  the  millwork  and  possibly  on  the  wooden  jack.  This 
would  add  a  small  amount,  about  one  dollar  a  year  per  stall,  because 
the  insurance  rate  in  such  cases  is  about  one-quarter  of  one  per  cent. 
The  maintenance  figures  are  guesswork,  the  best  we  knew.  The  results 
show  that  the  costs  vary  little  and  the  wooden  houses  are  more  expensive 
than  the  reinforced  concrete  houses.  It  seems  to  us  that  the  depreciation 
charge  is  ordinarily  made  too  low  and  that  the  probable  changes  in  the 
next  few  years  are  liable  to  be  considerable  and  that  we  should  not 
build  too  permanently.  That  is  why  we  have  rather  endeavored  to 
favor  the  cheaper  construction.  I  think  the  rest  of  the  report  speaks 
for  itself. 

(Vice-President  Berg  in  the  Chair.) 

Vice-President  Berg: — I  would  ask  the  Committee  what  action 
they  desire  taken  on  this  report.  The  conclusion  appearing  upon 
page  74  of  the  Bulletin,  report  of  the  Committee  on  Buildings,  will  now 
be  read  and  acted  upon. 

The  Secretary: — "(i)  Reinforced  concrete  should  be  used  below  the 
floor  when  it  is  cheaper  than  plain  concrete." 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — Mr.  Chairman,  I  do 
not  think  that  the  Association  should  be  committed  to  a  recommenda- 
tion for  the  indiscriminate  use  of  reinforced  concrete,  particularly  as 
to  enginehouse  floors  or  to  other  floors  or  any  structures  that  are 
subject  to  flooding  or  even  to  the  action  of  the  elements.  In  explana- 
tion of  that  opinion  it  is  proper,  I  think,  that  I  should  give  my 
reasons.  Some  time  ago  I  wanted  some  p-inch  I-beams.  Shortly  after, 
I  received  a  lot  of  them  that  had  been  in  use  in  a  concrete  floor  that 
was  subject  to  frequent  flushings,  to  clean  off,  to  wash  it.  When  I 
received  those  beams  they  were  covered  with  concrete;  it  adhered  very 
closely,  indicating  that  they  had  been  imbedded  carefully.  I  tried  to 
remove  it  mechanically,  but  was  unable  to  do  so.  I  resorted  to  fire. 
When  the  concrete  came  off  those  beams,  it  took  half  of  the  section  of 
the  metal,  indicating  that  a  few  years  more  being  imbedded  in  that 
concrete    would    have    entirely    destroyed    them.      It    therefore    follows 
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that  it  is   unsafe  practice  to  depend   upon  the  reinforcement  of  concrete 
where  it  is  to  be  subjected  to  water. 

Mr.  Coburn : — In  the  first  place  we  gave  no  recommendations  for 
the  floor,  and  my  understanding  of  the  matter  is  that  we  would  not 
consider  a  g-inch  I-beam  as  entering  into  reinforced  concrete.  We  were 
considering  the  use  of  the  usual  small  bars. 

Vice-President  Berg: — Were  your  remarks  made  on  the  supposition 
that  conclusion  No.   i   refers  to  the  construction  of  the  floor? 

Mr.  Stevens : — I  referred  particularly  to  reinforcing  concrete  in 
general,  where  it  is  subjected  to  the  action  of  water,  and  this  conclusion 
in  particular. 

Vice-President  Berg: — Have  you   a  motion? 

Mr.  Stevens : — I  would  make  a  motion  that  conclusion  No.  i  be 
eliminated. 

Mr.  Chamberlain : — Mr.  Chairman,  if  that  motion  has  not  been 
seconded,  I  move  that  conclusion  No.  i,  as  presented  by  the  Committee, 
be  adopted. 

Vice-President  Berg: — The  motion  before  the  house  was  on  con- 
clusion No.  I,  amended  now  by  Mr.  Stevens,  that  Ibc  conclusion  be 
omitted. 

Mr.  Morse : — My  understanding  is  that  the  only  place  where  rein- 
forced concrete  would  be  cheaper  than  plain  concrete  would  be  in  a 
spread  footing.  I  do  not  think  it  would  be  in  the  place  Mr.  Stevens 
mentions.     Possibly  it  would  be  in  the  floor. 

Mr.  Chamberlain : — That  was  the  thought  of  the  Committee.  As 
this  conclusion  was  originally  drawn  it  went  into  details  more  explicitly 
than  as  now  presented.  The  idea  of  the  Committee  was  to  recommend 
the  use  of  reinforced  concrete  in  a  spreading  base,  in  a  bad  and  deep 
foundation,  and  it  is  to  that  the  conclusion  refers.  It  has  nothing  to 
do  with  a  reinforced  concrete  floor. 

Vice-President  Berg: — Gentlemen,  the  question  is  on  Mr.  Stevens' 
amendment,  to  omit  the  conclusion  entirely.  Mr.  Stevens'  amendment 
will  not  be  voted  on,  there  being  no  second.  The  motion  is  on  the 
adoption  of  conclusion  No.  i. 

(The  motion  to  adopt  conclusion  No.  i  was  seconded,  and,  upon 
vote,  was  adopted.) 

The  Secretary: — "(2)  The  additional  security  against  interruption 
to  traffic  warrants  the  construction  of  a  roundhouse  with  a  reinforced 
concrete  roof." 

Mr.  Chamberlain : — Mr.  President,  I  move  the  adoption  of  that  con- 
clusion as   submitted. 

Mr.  Selby : — I  would  like  to  ask  the  Committee  in  what  vital  way 
the  failure  of  the  roof  of  a  roundhouse  is  likely  to  affect  traffic,  or 
how  traffic  on  a  railroad  is  likely  to  be  interrupted  by  not  having  a 
reinforced  concrete  roof  on  the  roundhouse.  It  seems  to  me  that  aside 
from  the  question  of  fire,  the  failure  of  a  section  of  the  roof  could  not 
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possibly  involve  more  than  one  engine  and  that  v^^ould  not  constitute  a 
very  serious  interruption  to  traffic.  If  interruption  from  fire  is  meant 
in  this  conclusion,  it  should  be  so  stated. 

Mr.  Coburn : — The  Committee  had  in  mind  the  question  of  fire. 
Our  idea  was  that  the  difference  between  the  cost  of  the  two  types  of 
houses  shown  was  so  slight  that  the  matter  should  depend  entirely 
upon  the  results  to  be  gained  from  the  use  of  each  of  the  types ;  that 
while  the  figures  showed  that  the  reinforced  concrete  house  was  cheaper, 
still  that  the  advantage  was  so  slight  that  there  must  be  some  other 
advantage  to  warrant  the  additional  first  cost,  and  we  thought  the  saving 
from  danger  from  fire  was  well  worthy  of  that  cost. 

Mr.  McDonald : — Would  the  Committee  be  willing  to  put  in  the 
words  "from  fire"  after  the  word  "traffic"? 

Mr.  Coburn  : — Yes,  sir. 

Vice-President  Berg:- — The  Committee  accepts  the  alteration,  to  add 
"from  fire"  after  the  word  "traffic." 

Mr.  Coburn : — We  speak  in  this  report  about  the  danger  from  cyclone 
and  earthquake.  In  some  parts  of  the  country  I  think  that  might  be 
worthy  of  consideration. 

Mr.  A.  J.  Himes  (New  York,  Chicago  &  St.  Louis)  : — I  would  like 
to  ask  the  Committee  whether  they  have  found  any  records,  or  ex- 
perience, which  would  warrant  the  belief  that  a  thoroughly  durable  and 
watertight  roof  can  be  built  of  reinforced  concrete. 

Mr.  Coburn : — We  stated  in  our  report  that  some  standard  types  of 
roof  covering  should  be  used.     We  included  that  in  our  estimate. 

Mr.  Chamberlain : — You  will  find  that  at  the  top  of  page  71  of 
the  report,  where  it  speaks  of  the  covering  that  is  necessary. 

Vice-President   Berg: — Any   further   remarks   on   conclusion    No.    2? 

Mr.  Stevens :— Does  not  conclusion  No.  2  commit  the  Association 
to  indorsing  only  a  roof  of  reinforced  concrete,  which  in  turn  would  imply 
that  houses  should  be  built  only  of  reinforced  concrete  instead  of  some 
other  material?  There  are  locations  where  roundhouses  will  be  situated 
for  a  term  of  years  only,  after  which  the  site  will  be  abandoned.  In  such 
cases  a  wooden  structure  would  be  warranted,  and  it  could  be  thoroughly 
protected   from  fire. 

Mr.  Chamberlain : — A  number  of  years  ago  there  were  quite  ex- 
tensive experiments  conducted  on  the  road  with  which  I  was  con- 
nected and  we  found  that  a  coating  of  concrete  or  of  cement  and 
sand  on  steel  plates  hung  over  the  bridges  and  exposed  fumes  of  the 
locomotive  formed  about  the  best  coating  that  could  be  put  on  those 
plates  of  steel  to  prevent  corrosion  from  the  locomotive  fumes. 

Mr.  C.  F.  Lowelh  (Chicago,  Milwaukee  &  St.  Paul)  : — I  have  no 
doubt  but  that  the  experiments  the  chairman  of  the  Committee  refers 
to  were  eminently  successful,  but  there  is  a  great  difference  between 
laboratory  experiments  and  the  kind  of  work  obtainable  in  the  con- 
struction under  usual  conditions  of  a  large  roof.    A  thin  reinforced  con- 
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Crete  slab  would  quickly  dry  out  and  more  than  likely  be  quite  porous ; 
the  Committee  concedes  this  and  recommends  its  protection  on  the 
upper  side  against  water,  and  it  seems  to  me  that  some  protection  from 
gases  from  the  under  side  will  be  equally  necessary  if  the  roof  is 
to  be  made  durable. 

Mr.  Schwitzer: — We  put  up  several  of  these  houses  with  concrete 
roofs  and  came  to  the  conclusion  that  they  are  not  satisfactory  for  the 
reason  that  the  steam  in  the  house  causes  such  a  large  amount  of  con- 
densation. We  had  slabs  under  the  roof  to  provide  an  air  space  in  order 
to  prevent  this  condensation,  as  the  moisture  was  so  great  that  the 
ceiling  was  always  wet.  In  extreme  cold  climate  we  have  practically 
given  up  the  idea  of  concrete  roofs  altogether  owing  to  condensation 
inside  of  the  engine  house.  The  six  or  eight  houses  which  we  built 
had  the  lower  slab  placed  on  expanded  metal  and  covered  with  cement 
plaster.  This,  however,  did  not  protect  the  expanded  metal.  The  fumes 
seemed  to  get  through  the  expanded  metal  ceiling  and  eat  out  the  metal, 
and  I  expect  it  will  be  only  a  short  time  until  the  main  roof  itself  is 
acted  on  in  this  way.  We  also  find  it  difficult  to  make  the  roofs  water- 
tight. 

Mr.  Coburn : — Of  course  I  must  admit  that  we  have  had  no  valuable 
experience  in  this  matter,  but  my  understanding  of  the  matter,  as  Mr. 
Loweth  speaks  of  it,  is  that  the  pores  in  the  concrete  are  clogged  with 
soot  and  left  in  such  shape  that  the  corrosion  is  very  slight.  Referring 
to  remarks  of  Mr.  Schwitzer,  we  have  never  thought  of  building  that 
kind  of  concrete  roof.  We  propose  to  use  small  rods,  or  a  woven-wire 
arrangement  of  some  sort,  making  the  concrete  solid  and  not  partly 
plastered  on  the  bottom.  I  think  plaster,  as  Mr.  Schwitzer  proposed, 
would  be  liable  to  crack  and  drop  off. 

Mr.  W.  B.  Storey,  Jr.  (Santa  Fe)  : — I  would  move  that  conclusion 
No.  2  be  omitted.  I  thoroughly  endorse  Mr.  Loweth's  criticism,  and  I 
make  the  motion  on  the  ground  that  we  have  not  information  enough. 
Our  experience  is  hardly  such  as  to  warrant  this  Association  in  recom- 
mending that  we  endorse  that  for  roundhouse  roofs.  To  be  sure,  it 
may  be  desirable  to  try  it  now  and  then  and  to  carry  on  our  experi- 
ments, but  I  do  not  believe  we  should  endorse  that  particular  style  of 
construction  as  is  done   in  this  conclusion. 

Mr.  McDonald: — I  would  like  to  ask  Mr.  Storey  if  he  has  found 
steel  any  better. 

Mr.   Storey: — No;  but  I  found  wood  better. 

Mr.  McDonald : — The  wood  will  burn  up  very  readily,  and  by  that 
means  you  may  lose  every  engine  in  the  roundhouse. 

Vice-President  Berg: — I  will  call  Mr.  Storey's  attention  to  the  fact 
that  conclusion  No.  2  mentions  protection  from  fire  with  reinforced 
concrete  construction. 

Mr.  Storey: — I  understand  that  there  is  a  recommendation  that 
we  should  use  reinforced  concrete  in  order  to  avoid  danger  from  fire,  but 
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it  gives  the  recommendation  of  the  Association  in  favor  of  the  rein- 
forced concrete,  which  I  believe  is  not  justified  as  yet. 

Vice-President  Berg: — As  I  understand,  you  object  to  the  mandatory 
form  of  this  conclusion? 

Mr.  Storey: — Yes. 

Mr.  Chamberlain : — Mr.  Chairman,  I  think  Mr.  Storey's  point  is 
weW  taken.  We  have  not  had  very  much  experience  in  this  style  of  con- 
struction for  roundhouses.  Perhaps  we  can  meet  the  objection  and, 
at  the  suggestion  of  the  Chair,  I  move  to  amend  this  conclusion  2  to 
read  as  follows :  "The  additonal  security  against  interruption  to  traffic 
from  fire  warrants  the  serious  consideration  of  the  construction  of  round- 
houses with  reinforced  concrete  roofs."  That  makes  it  rather  ex- 
perimental. 

Mr.  Storey: — I  am  willing  to  accept  that  as  an  amendment,  but  it 
does  not  mean  much  with  it  in. 

Vice-President  Berg: — What  is  Mr.   Storey's  amendment? 

Mr.  Storey: — I  will  accept  it  in  the  form  it  is  now  in. 

Mr.  Loweth : — The  conclusion  as  printed  makes  no  distinction  be- 
tween relatively  important  and  unimportant  roundhouses.  For  a  large 
roundhouse,  at  an  important  terminal,  it  may  be  worth  while  to  adopt 
any  reasonable  expedient  to  insure  it  against  fire,  but  there  are  a  great 
many  other  roundhouses,  relatively  unimportant  and  cheaply  built,  where 
fireproof  roof  construction  would  certainly  not  be  warranted.  The  con- 
clusion as  printed  is  too  sweeping. 

Mr.  Safford : — Mr.  Chairman,  bear  in  mind  the  remark  I  made 
previously. 

Mr.  Storey : — As  I  understand  it,  the  amendment  proposed  by  the 
Committee  will  eliminate  that.  That  will  put  it  in  shape  so  -that  we 
can  use  it  if  we  wish  to. 

(Upon  vote,  conclusion  2  as  amended  was  adopted.) 

The  Secretary: — "(3)  When  the  roof  is  of  reinforced  concrete  the 
columns,  except  those  supporting  doors,  should  be  of  the  same  material." 

Mr.  Lum : — I  should  like  to  ask  the  Committee  why  exception  is 
made  with  reference  to  columns  supporting  the  doors. 

Mr.  Coburn : — It  is  our  idea  that  it  would  be  difficult  to  get  a  con- 
crete post  that  is  true  and  that  would  fit  the  door  so  it  would  hang 
properly.  It  is  merely  a  question  of  cost  and  trouble  in  getting  that 
so  as  to  have  a  door  that  is  satisfactory. 

Mr.  Chamberlain : — As  Mr.  Coburn  has  stated,  it  was  the  intention 
of  the  Committee  to  recommend  that  we  use  some  other  kind  of 
column  than  a  reinforced  concrete  column  on  account  of  the  difficulty 
of  attaching  hinges.  It  may  be  a  question  whether  that  is .  important 
enough  to  incorporate  it  in  the  Manual  at  all.  We  would  be  perfectly 
willing  to  amend  that  so  as  to  read  in  this  way :  "When  the  roof  is  of 
reinforced  concrete,  the  columns,  except  those  supporting  swinging 
doors,    should    be    of    the    same    material,    etc.,"    introducing    the    word 
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"swinging."  That  would  be  satisfactory,  and  if  the  convention  wishes 
it,  we  will  make  that  amendment. 

Mr.  H.  S.  Waterman  (Detroit  &  Mackinac)  : — I  see  no  real  reason 
Vv'hy  the  exception  should  be  in  there.  We  have  had  some  little  ex- 
perience constructing  columns  supporting  swinging  doors  of  reinforced 
concrete.  They  have  been  very  durable,  and  very  satisfactory.  The 
cost  has  been  about  a  third. 

Mr.  Ewing: — I  would  like  to  ask  the  Committee  if  they  intend,  in 
this  recommendation,  to  exclude  the  use  of  a  column  encased  in 
concrete? 

Mr.  Coburn : — It  was  our  intention  to  exclude  that  sort  of  a  column 
for  the  inner  circle. 

A  Member : — I  would  like  to  ask  the  Committee  why  they  excluded 
ihe  column  of  the  inner  circle? 

Mr.  Coburn: — Because  of  the  point  just  made  about  the  size.  We 
did  not  consider  in  this  report  that  a  column  of  that  size  would  be 
called  a  reinforced  concrete  column,  and  we  were  asked  to  report  merely 
on  the  use  of  reinforced  concrete  roundhouses.  Reinforced  concrete 
was  not  suitable  for  the  post  or  the  inner  circle. 

Mr.  Morse : — I  move  that  the  words  "except  those  supporting  doors" 
be  stricken  out  of  the  conclusion. 

Vice-President  Berg: — Conclusion  No.  3  has  been  changed  by  the 
amendment,  that  the  words  "except  those  supporting  doors"  be  stricken 
out.     We  will  now  vote  on  the  amendment. 

(Upon  vote,  the  amendment  was  carried.) 

Vice-President  Berg: — Conclusion  No.  3  as  amended  will  be  con- 
sidered as  adopted. 

The  Secretary: — "(4)  Reinforced  concrete  should  be  used  for  the 
walls  only  where  special  conditions  reduce  its  cost  below  that  of  brick 
or  plain  concrete  and  where  plaster  is  not  considered  satisfactory." 

Vice-President  Berg: — Conclusion  No.  4  is  before  the  house. 

Mr.    Chamberlain : — I    move    its    adoption    as    read. 

Mr.  Morse : — I  would  ask  what  they  mean'  by  "plaster"  when  they 
say,  "And  where  plaster  is  not  to  be'Cfi'fisidered  satisfactory." 

Mr.  Coburn: — I  will  say  that  if  the  gentleman  had  read  the  report 
he  would  have  found  on  pages  71  and  ^2  that  there  is  a  considerable  ex- 
planation of  that  point. 

(Conclusion  4  was  adopted  as  read.) 

(President  Johnston  in  the  Chair.) 

Mr.  Chamberlain : — "The  best  method  for  smoke  removal,  ventilation 
and  heating  of  roundhouses."  I  do  not  think  it  is  necessary  to  read 
all  that  the  Committee  has  to  say  here,  and  will  merely  state  that 
something  has  already  been  done  in  regard  to  the  ventilation  of  round- 
houses, so  far  as  the-smokejacks  are  concerned,  as  found  in  the  Manual 
of    Recommended    Practice    of    1907,    page    70.      The    members    of    this 
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Committee  felt  that  this  was  too  large  a  proposition  for  them  to  treat 
exhaustively  and  do  the  other  work  that  they  had  to  do. 

The  Secretary: — ■"(3)  Best  method  for  smoke  removal,  ventilation 
and  heating  of  roundhouses.  Your  Committee  has  visited  some  of  the 
newest  roundhouses  built  on  various  lines  and  also  examined  many 
designs  involving  the  use  of  ventilating  jacks  with  or  without  louvre 
or  other  roof  ventilators. 

"Recommendations  as  to  the  style  of  smokejacks  to  be  used  have 
already  been  adopted  in  the  Manual  of  1907  (p.  70).  While  it  is  the 
opinion  of  your  Committee  that  some  sort  of  roof  ventilators  should  be 
used  in  addition  to  the  smokejacks,  it  must  be  recognized  that  different 
geographical  locations,  and  consequently  different  climatic  conditions, 
complicate  this  problem.  For  example,  a  mode  of  treatment  of  the  ven- 
tilation problem  satisfactory  for  a  roundhouse  in  Mexico  might  not,  and 
most  likely  would  not,  prove  satisfactory  for  a  roundhouse  in  Northern 
Canada. 

"In  regard  to  the  heating  of  roundhouses,  it  is  the  opinion  of  j'^our 
Committee  that  both  indirect  hot  air  heating  and  the  vacuum  system 
of  steam  heating  are  preferable  to  heating  with  high  pressure  steam 
radiators. 

"Your  Committee,  however,  does  not  desire  to  make  any  positive 
recommendations  without  further  investigation  and  a  more  careful  con- 
sideration than  it  has  yet  found  time  to  devote  to   this  topic." 

Mr.  Chamberlain : — The  wish  of  the  Committee  is  that  this  matter 
should  be  recommitted  to  the  Committee  for  further  investigation. 
We  should  be  glad  to  have  a  motion  made  to  that  effect. 

Mr.  Berg: — Mr.  Chairman,  I  make  a  motion  to  that  effect,  that 
this  part  of  the  report  be  referred  back  to  the  Committee  for  further 
investigation  and  report. 

(Motion  seconded  and  carried.) 

The  Secretary: — "(4)  Use  of  movable  or  fixed  cranes  for  facilitat- 
ing locomotive  repairs  in  roundhouses.  The  minor  repairs  to  locomotives 
ordinarily  made  in  roundhouses  are  cumbersome  without  some  sort  of 
appliance  for  handling  heavy  parts. 

"Your  Committee  has  investigated  what  has  already  been  done  in 
this  direction  and  finds  that  in  some  cases  roundhouses  have  been 
designed  for  the  future  installation  of  movable  cranes  of  great  capacity. 
So  far  as  your  Committee  has  been  able  to  learn,  however,  the  ma- 
chinery provided  for  has  in  no  case  been  installed. 

"Small  jib  cranes  on  the  outer  posts  and  trolley  hoists  working 
around  the  outer  circle  have  been  used  to  advantage.  The  question 
naturally  arises :  to  what  capacity  should  such  aids  to  locomotive  repair 
work  be  limited?  It  is  the  opinion  of  your  Committee  that  the  shop  is 
the  place  for  heavy  repair  work,  and  that  the  special  construction  neces- 
sary for  the  installation  of  travelers  of  large  capacity,  with  the  attendant 
expense  entailed,  is  not  justified  from  an  economic  standpoint. 


DISCUSSION  ON  BUILDINGS.  209 

"Your  Committee  recommends  the  use  only  of  appliances  that  can 
be  installed  in  roundhouses  as  now  ordinarily  constructed,  without  ma- 
terially increasing  the  cost  of  the  structures.  For  such  appliances  a 
maximum  capacity  of  two  tons  is  recommended. 

"Conclusion. — Jib  cranes  attached  to  outer  posts  alongside  of  a 
number  of  pits  in  roundhouses,  or,  in  the  case  of  large  roundhouses,  a 
trolley  hoist  working  around  the  outer  circle,  capable  of  handling  two 
tons,  should  be  installed  in  such  roundhouses  as  may  be  designated  by 
the  Motive  Power  Department  as  requiring  such  appliances  for  light 
locomotive  repairs." 

Mr.  Chamberlain : — On  page  69,  of  the  Manual  of  Recommended 
Practice,  paragraph  18  reads :  "Air  hoists,  or  portable  goose-neck  cranes 
with  differential  blocks,  on  wheels,  should  be  furnished  for  handling 
heavy  repair  parts." 

This  comes  under  the  heading  of  "roundhouses."  It  is  the  opinion 
of  the  Committee  that  the  conclusion  which  we  present  here  is  more 
in  line  with  good  practice,  and  I  move  that  this  conclusion  be  substituted 
for  paragraph  18,  on  page  69,  under  "requirements  of  a  modern  round- 
house," in  last  year's  Manual  of  Recommended  Practice.  My  motion 
is  to  substitute  the  conclusion  here  presented  for  paragraph  18. 

(Motion  seconded.) 

The  President : — The  Chair  would  rule  that  the  first  consideration 
would  be  for  the  adoption  of  the  conclusion  presented  in  this  report. 
We  can  then  substitute  the  conclusion  in  the  Manual.  The  question 
will  be  upon  the  adoption  of  the  conclusion  as  read. 

(The  question  on  the  adoption  of  the  conclusion  contained  on 
pp.  75  and  76  was  voted  upon,  and  the  conclusion  adopted.) 

Mr.  Chamberlain : — Mr.  President,  I  wish  now  to  make  a  motion 
to  substitute  this  conclusion  for  the  present  paragraph  18  in  the  Manual, 
page  69.  We  are  asking  for  the  substitution  of  the  jib  crane  for  this 
other  device. 

Mr.  Berg: — Mr.  Chairman,  I  consider  that  this  is  a  virtual  replace- 
ment of  movable  appliances  on  wheels  on  the  floor  surface  to  overhead 
construction.  It  is,  therefore,  not  an  immaterial  correction  of  a  matter 
previously  published  in  the  Manual.  Under  the  rules  the  Manual  should 
not  be  revised  or  changed  without  due  notice  to  the  membership.  Under 
the  rules  the  Committee  had  authority,  in  the  Committee  report,  to 
mention  that  it  was  going  to  move  such  a  change.  It  has  not  done 
so.  My  opinion  is  that  this  is  a  material  change  and  possibly  objec- 
tionable. The  matter  previously  published  is,  therefore,  possibly  subject 
to  considerable  difference  of  opinion  by  the  membership.  Notice  should 
have  been  given  and  unless  the  convention  thinks  otherwise — and  it  is 
within  the  province  of  the  meeting  to  change  that  opinion — I  would 
offer  as  an  amendment  to  the  motion  that  the  matter  be  referred  back 
to    the    Committee    for    further   consideration.     That    should   have    been 
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included  in  the  Committee  report.  It  is  out  of  place  to  consider  the 
action   now. 

The  President : — As  the  Chair  understands  the  motion  oflfered  by 
Mr.  Berg  it  is  to  refer  back  to  the  Committee  the  question  of  sub- 
stituting this  conclusion  for  the  former  matter  included  in  the  Bulletin, 
as  amended.     Am  I  correct,  Mr.  Berg? 

Mr.   Berg: — Yes,  sir. 

(A  vote  was  then  taken  upon  Mr.  Berg's  amendment  to  the  motion, 
and  the  amendment  was  adopted.) 

The  President : — It  is   so  referred. 

Mr.    Chamberlain : — The   next   is    topic   5. 

The  Secretary: — "(s)  Best  arrangement  of  zvindozus  and  roof  lights, 
and  proper  ratio  of  light  area  to  Aoor  surface.  The  opinion  of  your 
Committee  in  regard  to  the  arrangement  of  windows  has  already  been 
suggested  in  the  earlier  part  of  this  report  in  the  consideration  of  the 
use  of  reinforced  concrete  in  roundhouses. 

"While  roof  lights  have  been  considered  almost  a  necessity  in 
most  buildings  having  a  width  of  ninety  feet  or  more,  experience  has 
shown  that  the  conditions  obtaining  in  roundhouses  are  not  favorable 
to  their  use.  Steam  and  smoke  render  them  almost  useless,  and  leak- 
age around  the  frames  and  through  broken  glass  makes  them  a  source 
of   annoyance   and    discomfort   to    the   roundhouse    attendants. 

"Your  Committee  does  not  believe  there  is  any  proper  ratio  between 
light  area  and  floor  surface  in  roundhouses,  but  recommends  the  largest 
light  area  practicable  in  inner  and  outer  circles,  excepting  that  glass  is 
not  deemed  desirable  in  the  doors  themselves. 

"Conclusions. —  (i)  The  disadvantages  of  roof  lights  in  roundhouses 
are  so  much  greater  than  their  advantages  as  to  make  them  undesirable." 

Mr.  Chamberlain : — I  move  the  adoption  of  conclusion  No.  i  as 
presented  by  the  Committee. 

(Motion  seconded,  and  conclusion  i  was  adopted.) 

The  Secretary: — "(2)  Windows  in  the  outer  walls  of  roundhouses 
should  be  made  as  large  as  practicable  and  contain  the  largest  glass  or 
light  area  consistent  with  the  requisite  strength.  In  general,  the  lower 
sill  should  be  not  more  than  four  feet  from  the  floor  and  only  sufficient 
space  left  between  pilasters  and  sides  of  window  frames,  and  girders  and 
window  heads  to  properly  secure  the  window  frames.  Windows  or 
transoms  as  large  as  practicable  should  be  provided  over  all  doors  where 
locomotives  enter." 

Mr.  Chamberlain : — I  want  to  say  in  regard  to  ihat  conclusion  that 
a  very  much  briefer  conclusion  or  recommendation  is  contained  in  the 
Manual  of  Recommended  Practice,  page  68,  paragraph  12.  Paragraph 
12  reads :  "As  much  light  should  be  obtained  from  the  exterior  of  the 
building  as  good  construction  will  allow."  I  think  it  is  a  debatable 
question  whether  this  Association  wishes  to  incorporate  the  conclusion 
here  presented  by  the  Committee  in  place  of  paragraph  12,  but  to  get  the 
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matter   before   the   convention   I    simply  move   the   adoption   of   the   con- 
clusion as  presented. 

(Motion  seconded.) 

Mr.  Berg : — The  reference  by  the  chairman  to  the  general  clause  \ 
adopted  previously  and  pubhshed  in  the  Manual,  clause  12,  page  €8, 
brings  out  the  point  that  the  instructions  given  to  the  Committee  to 
report  on  to-day  were  to  cover  an  elaboration  or  in  further  detail  clause 
12  as  published.  That  clause  was  very  general,  and  it  was  thought  that 
it  would  be  desirable  to  get  some  more  specific  information.  "As  much 
light  should  be  obtained  from  the  exterior  of  the  building  as  good 
construction  will  allow."  That  is  a  very  general  statement  and  it  was 
anticipated  that  this  Committee  would  introduce  something  more  specific. 
The  Commiitee  has  followed  the  suggestion  with  regard  to  the  report- 
ing as  to  the  best  arrangement  of  windows  and  roof  lights.  Under 
their  conclusion  No.  i,  referring  to  roof  lights,  the  objectionable  ele- 
ments are  admitted,  and,  in  conclusion  No.  2,  windows  and  transoms 
over  the"  entrance  doors  and  windows  in  outer  walls  are  indicated. 
They  have  not,  however,  given  one  question,  which  it  was  desirable  to 
answer,  a  satisfactory  answer.  This  was  not  an  idle  question  put  to 
them.  It  was  included  on  account  of  the  opinions  I  have  heard  ex- 
pressed by  some  motive  power  officers,  though  I  do  not  agree  with 
them,  that  you  might  get  too  much  light  in  the  outside  circle.  The 
motive  power  superintendent  of  a  prominent  road  actually  made  the 
statement  to  me  that  he  did  not  believe  in  putting  in  too  much  ligh;, 
that  is,  filling  in  the  entire  outer  area  between  the  corner  pilasters  with 
glass.  Conclusion  No.  2,  I  consider  is  all  riglit,  but  it  is  desirable 
that  it  be  more  specific  in  that  particular.  That  really  would  cover 
the  question  of  filling  in  the  entire  space  between  the  pilasters,  from 
the  window  sill  up  to  the  cornice.  The  question  is,  is  that  too  much  ? 
As  a  general  proposition  I  think  it  is  correct  to  pass  conclusion  No. 
2,  although  I  think  it  would  be  desirable  if  something  more  definite 
could  be  given;  but  in  no  case  should  it  be  considered  as  supplanting 
clause  No.  2,  published  in  the'  Manual,  but  as  supplemental.  I  might 
explain  the  difference  between  the  previous  publication  and  this  report 
is  that  the  previous  one  would  be  considered  as  general  principles  of 
practice  and  this  would  be  considered  as  recommended  practice. 

Mr.  Chamberlain : — Mr.  President,  I  wish  to  say  that  I  mentioned 
paragraph  12,  on  page  68,  so  that  the  convention  would  have  before 
them  what  has  been  done.  I  agree  with  Mr.  Berg,  that  the  conclusion 
presented  by  the  Committee  is  more  in  detail  and  more  in  the  line  of  a 
special  conclusion.  I  wish  also  to  state  that  the  Committee  did  not 
pass  over  this  proposition  without  giving  it  a  good  deal  of  thought 
and  consideration,  but  the  opinion  of  each  member  of  the  Committee 
who  was  present  at  the  meetings,  and,  so  far  as  we  could  learn,  by 
correspondence,  the  opinion  of  each  of  the  entire  membership  was  that 
we  could  not  get  too  much  side  light  in  a  roundhouse,  and  we  have  pre- 
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sented  the  matter  in  this  form  before  the  convention  to  get  the  opinion 
of  the  Association  on  the  matter. 

Mr.  Berg: — As  a  matter  of  information  on  the  subject  of  ratios 
of  light  to  floor  area,  I  will  state  that  in  some  instances  the  general 
proposition  is  that  they  must  have  the  floor  area  to  light  area  of  three 
to  one,  sometimes  even  better.  In  some  shops  a  .proportion  of  about 
•  five  to  one  is  a  good  practice,  but  it  is  more  general,  especially  in  the 
elder  constructions,  where  that  rule  is  sinned  against,  and  we  find  shops 
pretty  well  lighted,  with  a  proportion  of  lo  to  i.  As  a  general  propo- 
sition the  old  style  roundhouse  has  a  proportion  of  about  30  to  i,  and 
there  is  no  doubt  that  is  objectionable.  I  thoroughly  believe  in  giving 
the  roundhouse  as  much  light  on  the  outside  surface  as  possible.  There- 
fore, in  the  absence  of  the  Committee  having  been  able  to  specify  any 
ratio,  which  I  think  under  the  circumstances  would  be  a  difficult  task, 
I  think  they  have  covered  the  case,  namely,  that  it  is  desirable  to  give 
all  the  light  possible  in  the  outside  wall,  consistent  with  the  technical 
details  of  construction,  which  means  the  outer  wall  should  have  is 
much  glass  as  possible.  This  feature,  I  think,  is  all  the  more  neces- 
sary to  emphasize,  as  the  Committee  have  stated,  and  we  have  adopted 
a  conclusion  that  roof  lights  are  undesirable.  Conclusion  No.  2,  there- 
fore, should  pass  as  reported  by  the  Committee. 

The  President: — The  question  is  upon  the  adoption  of  conclusion 
No.  2  as  reported  by  the  Committee. 

(Upon  vote  conclusion  No.  2  was  adopted.) 

Mr.  Chamberlain : — Mr.  President,  that  completes  the  schedule  of 
the  work  of  the  Committee  as  shown  in  the  report.  I  now  move  that 
the  report  of  the  Committee  as  a  whole,  as  amended,  including  the 
amendments  and  the  references  back  to  the  Committee  be  now 
adopted. 

Mr.  Berg: — Mr.  Chairman,  I  rise  to  a  point  of  order.  I  think  the 
motion  to  adopt  the  whole  report  is  wrong,  because  if  we  adopt  it,  it 
means  that  all  of  it  receives  the  sanction  of  the  Association.  I  think 
we  should  receive  the  report,  under  the  usual  practice,  and  we  have 
adopted  certain  specific  conclusions,  v/hich  have  been  voted  on 
specifically. 

The  President: — The  Chair  will  accept  the  suggestion  of  the  last 
speaker  and  will  now  rule  it  is  not  necessary  to  take  further  action 
on  the  report  at  this  time.  The  Committee  is,  therefore,  relieved  with 
the  compliments  of  the  Association. 


REPORT  OF  COMMITTEE  NO.  XV— ON   IRON  AND 
STEEL  STRUCTURES. 

(Bulletin    No.    97.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

In  Bulletin  No.  8i  and  in  Vol.  8  of  the  Proceedings  is  a  preliminary 
report  on  Maintenance  of  Existing  Metal  Bridges,  by  Mr.  B.  W.  Guppy, 
wherein  the  subject  is  divided  into  three  sections,  namely,  Inspection, 
Reports  and   Records. 

The  question  of  Maintenance,  which  involves  considerably  more  than 
merely  Inspection,  Reports  and  Records,  is  not  there  discussed  to  any 
extent,  and,  as  your  Committee  is  of  the  opinion  that  the  maintenance 
.of  bridges  is  a  subject  of  sufficient  importance  in  itself  to  justify  a 
separate  report,  which  may  be  considered  during  the  coming  year,  they 
have,  in  that  which  is  submitted  herewith,  confined  their  remarks  and 
recommendations  to  the  three  sections  embraced  in  Mr.  Guppy's  pre- 
liminary  report. 

It  should  be  the  duty  of  trackmen  to  keep  bridges  and  bridge  seats 
free  of  vegetation  and  to  remove  loose  objects  which  are  liable  to  fall 
upon  the  tracks,  and  the  railroad  company  should  issue  instructions  to 
all  inspectors  and  trackmen,  defining  in  a  clear  and  unmistakable  manner 
the  duties  required  of  them  in  addition  to  the  actual  inspection. 

This  report  on  Inspection,  Reports  and  Records  is  submitted  by 
those   members  of   the    Committee  whose   names   are   subscribed   thereto. 

INSPECTION,   REPORTS   AND   RECORDS   OF   BRIDGES. 

I.      INSPECTION. 

Inspections  of  bridges  should  be  made  with  the  object  of  discover- 
ing weakness  or  defects,  of  ascertaining  the  amount  and  rate  of  de- 
terioration, the  general  physical  condition,  safety  under  traffic  and  the 
necessity  for   repairs,   reinforcements   and   renewals. 

The  frequency  of  the  inspections  should  depend  upon  the  character 
of  the  bridge,  its  location,  strength  and  physical  condition.    A  thorough 
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annual  inspection  by  a  competent  inspector  may  suffice  for  many  cases 
where  the  bridges  have  been  properly  constructed  and  are  not  over- 
loaded. On  the  other  hand,  a  daily  inspection  may  be  necessary  in 
order  to  observe  vs^ith  sufficient  promptness  damage  which  may  be  caused 
by  an  accidental  blow. 

Between  these  two  extremes,  there  are  many  reasons  for  making 
inspections  of  more  or  less  thoroughness  and  frequency,  and  your  Com- 
mittee recommends  the  following  scheme,  which  is  consistent  with  good 
practice  and  is  adaptable  to  either  the  divisional  or  departmental  system 
of  maintenance : 

(i)  Daily,  by  trackmen,  who,  in  connection  with  the  inspection  of  track, 
shall  examine  every  bridge,  with  the  object  of  discovering  any 
change  in  condition  or  movement  of  super-  or  substructure,  dam- 
age from  drift,  high  water,  .falling  objects,  broken  or  loosely  hang- 
ing bars  or  members,  broken  or  badly  damaged  ties,  missing  bolts 
or  nuts. 

(2)  Monthly,  by  competent  bridgemen,  who  shall  examine  every  mem- 
ber and  every  part  of  the  super-  and  substructure  of  every  bridge 
whose  inspection  is  not  governed  by  Article  3,  with  the  object  of 
detecting  cracks,  wear  of  parts,  loose  bars  or  members,  loose  rivets, 
excessive  deterioration,  crushing  or  breaking  of  the  masonry,  scour- 
ing or  undermining  of  foundations  and  any  defects  whatsoever. 
They  shall  carefully  observe  the  action  of  the  structure  under 
traffic,  with  the  object  of  detecting  any  new,  unusual  or  excessive 
motion. 

(3)  Quarterly,  by  competent  bridgemen,  who  shall  inspect,  in  the  man- 
ner and  with  the  object  as  defined  in  Article  2,  those  good  and 
substantial  bridges  which  will  be  particularly  designated  by  the 
proper  officer. 

(4)  Annually,  by  an  experienced  bridge  inspector,  who  shall  with 
thoroughness  examine  in  detail  the  condition  of  every  part  of  the 
super-  and  substructures.  The  object  of  this  inspection  is  to  obtain 
a  check  on  the  monthly  and  quarterly  inspections,  a  report  on  the 
extent  of  defects,  deterioration,  motion,  etc.,  from  which  may  be 
determined  the  degree  of  safety  of  the  structures,  the  necessity 
for  repairs   and   extent   of  strengthening  and   renewals    required. 

(5)  Annually,  by  the  authorities  in  charge  of  bridges  for  the  purpose 
of  officially  deciding  the  extent  of  reinforcing,  renewals  or  traffic 
restrictions  which  must  be  made  during  the  following  year. 
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(6)     In    addition    to    the    foregoing,    the    following    special    inspections 
should   be  made,  as   occasion   may   require : 

(a)  Of  all  structures  which  are  severely  strained  or  show 
signs  of  distress  under  traffic. 

(b)  Of  all  substructures  which  show  signs  of  movement,  until 
the  movement  ceases,  or  the  conditions  causing  it  have 
been  remedied. 

(c)  After  heavy  freshets  for  evidence  of  damage  to  super- 
structures by   drift   and   to   substructures   by   scour. 

(d)  By  the  Engineering  Department  whenever  a  structure  is 
reported  as  requiring  "extensive"  repairs  or  renewal. 

II.      EEPORTS. 

Inspectors  should  be  furnished  with  a  list  of  the  bridges  they  are 
to  inspect,  and  instructed  as  to  which  require  special  watching  and  which 
may  be   inspected   quarterly. 

Reports  should  be  made  on  printed  forms,  preferably  bound  into 
books  of  convenient  pocket  size,  perforated  in  such  a  manner  as  to 
permit  duplicate  entries  on  the  stub,  in  order  that  when  the  detached 
sheets  are  transmitted,  the  inspectors  will  have  a  record  of  their  reports. 
Instructions  governing  the  inspectors'  duties  should  be  printed  in  each 
book  of  forms.  The  forms  in  use  by  the  Boston  &  Maine,  the  Maine 
Central,  the  Frisco  System  and  the  Oregon  Short  Line,  all  of  which 
are  shown  in  Bulletin  No.  8i  and  in  Vol.  8  of  the  Proceedings,  are 
suggested  as  being  suitable  for  the  purpose,  as  are  also  the  forms  on 
pp.  i88,  190,  192  and  193  of  the  1907  Manual. 

The   following   reports    are   recommended : 

(i)  It  is  not  necessary  for  trackmen  to  make  reports  unless  something 
wrong  is  discovered,  in  which  case  the  proper  authorities  should 
be  immediately  notified,  in  order  that  necessary  measures  may  be 
taken  to  insure  the  safety  of  the  bridge. 

(2)  Bridgemen  making  monthly  and  quarterly  inspections  should  re- 
port on  each  structure  each  time  examined.  These  reports  should 
cover  briefly  all  the  items  outlined  in  Article  2,  under  the  heading 
of  Inspection,  as  well  as  any  other  items  shown  on  the  printed 
forms. 

(3)  The  annual  report,  by  experienced  bridge  inspectors,  should  be 
complete  in  detail,  as  it  will  form  the  basis  from  which  will  be 
determined  the  degree  of  safety  of  the  structures,  the  necessity 
for  repairs  and  the  <  extent  of  strengthening  and  renewals  required. 

(4)  In  addition  to  the  foregoing,  reports  should  be  made  of  all  special 
inspections. 
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III.      RECORDS. 

This  subject,  as  herein  considered,  pertains  to  the  information  which 
should  be  compiled,  systematically  arranged,  and  filed  in  such  a  manner 
that  a  complete  history  of  the  structure  will  be  readily  accessible  at  all 
times.  These  records  do  not  necessarily  refer  to  accounts  and  matters 
of  interest  to  the  Auditing  Department,  which  is  the  ultimate  object 
of  the  work  being  done  by  Committee  No.  XI. 

Bridge  records  on  file  in  the  office  of  the  officer  having  charge  of 
bridges  should  include  the  following: 

(i)  General  drawings  of  bridge  sites,  showing  alinement  of  tracks,  span 
lengths,  skews,  etc.,  with  all  necessary  profiles.  When  the  struc- 
ture is  over  a  stream,  the  profile  of  the  river  bottom  should  be 
revised  from  time  to  time,  to  show  the  rate  of  scour  and  condi- 
tion of  foundations. 

(2)  Set  of  strain  sheets  and  detail  drawings  of  the  superstructures, 
preferably  on  tracing  cloth. 

(3)  Detail  drawings  of  the  substructures  as  actually  built,  showing  all 
information  relating  to  the  foundations. 

(4)  Copies  of  all  specifications,  contracts,  tests  of  material  and  in- 
spector's shop  and  mill  reports. 

(5)  Records  of  all  repairs,  repainting,  renewal  of  ties,  etc. 

(6)  Copies  of  the  annual  inspection  reports,  kept  up  to  date  by  fre- 
quent revisions. 

(7)  Tabulated  statement  of  all  clearances,  covering  the  traffic  through, 
under  or   over   the   structure. 

(8)  Copies  of  all  documents  relating  to  the  work,  such  as  special 
legislative  acts,  licenses,  findings  and  awards  of  commissions,  agree- 
ments relating  to  the  sharing  of  cost  of  construction,  mainte- 
nance, etc. 

(9)  Complete  calculations  and  schedules,  showing  classification  of  the 
bridges  as  to  their  safe  carrying  capacity. 

(10)  For  convenience  of  reference  in  the  office,  it  is  advisable  to  make 
a  synopsis  of  the  above  information  on  cards  or  loose  sheets. 
This   should   include — 

(a)  Name  and  location  of  the  structure. 

(b)  Character  of  crossing. 

(c)  Spans,    skew,    height    above    rail,    clearances,    high-water 
mark,  number  and   alinement  of  tracks. 

(d)  Brief  description  of  the  super-  and  substructure. 

(e)  Specifications  under  which  structure  was  built. 


IRON    AND    STEEL   STRUCTURES.  217 

(f)  Quality  of  materials. 

(g)  Date  of  building  and  name  of  builder, 
(h)     Details  of  timbering. 

(i)     Abstracts  of  inspection  reports. 

(j)     Records  of  painting  and  repairs, 
(ii)   In  addition  to  the  above,  each  division  officer  and  inspector  should 
have  a  list  containing  every  bridge  coming  under  his   supervision, 
and  copies  of  all  inspection  reports  pertaining  thereto. 

Note  :  Samples  of  record  sheets  and  cards  of  the  Maine  Central 
and  Bangor  &  Aroostook  Railways  are  reproduced  in  Bulletin  No.  8i  and 
in  Vol.  8  of  the  Proceedings  for  1907.  The  Maine  Central  sheet  is 
self-explanatory.  The  Bangor  &  Aroostook  Railway  prints  its  data  on 
cardboard,  and  the  tabs  at  the  top  of  the  superstructure  sheets  are 
supposed  to  be  cut  off,  excepting  the  one  on  each  card  under  which  the 
bridge  in  question  naturally  falls. 

CONCLUSION. 

Your  Committee  recommends  the  adoption  of  the  items  under  the 
headings  of  Inspection,  Reports  and  Records  of  Bridges  as  representing 
good  practice. 

Respectfully   submitted, 

J.   E.   Greiner,   Assistant   Chief   Engineer,   Baltimore    &   Ohio   Railroad, 

Baltimore,  Md.,  Chairman. 
M.  F.  Brown,  Chief  Engineer,  Boston  Bridge   Works,   Boston,  Mass. 
C.  L.  Crandall,  Professor  of  Railroad  Engineering,  Cornell  University, 

Ithaca,  N.  Y. 

B.  W.  GUPPY,  Bridge  Engineer,  Maine  Central  Railroad,   Portland,   Me. 
A.  J.  HiMES,  Assistant  Chief  Engineer,  New  York,  Chicago  &  St.  Louis 

Railway,   Cleveland,   O. 
Chas.    M.    Mills,    Principal    Assistant    Engineer,    Elevated    Railroad    & 
Subway,  Philadelphia,  Pa. 

C.  D.  PuRDON,  St.  Louis  &  Francisco  Railway,   St.   Louis,   Mo. 
C.   C.   Schneider,   Consulting  Engineer,    Philadelphia,   Pa. 

J.  P.  Snow,  Bridge  Engineer,  Boston  &  Maine  Railroad,  Boston,  Mass. 
F.  E.  TuRNEAURE,  Dean  College  of  Engineering,  University  of  Wisconsin, 

Madison,  Wis. 
J.  R.  Worcester,  Consulting  Engineer,  Boston,  Mass. 

Committee. 


CLASSIFICATION  OF  BRIDGES  AS  TO  SAFE  CARRYING 
CAPACITY. 

This  subject  has  been  divided  into  two  parts,  as  follows: 

I.  Carrying  capacity. 

II.  Classification. 

I.      CARRYING     CAPACITY. 

A  preliminary  report  on  this  subject,  by  Mr.  A.  J.  Himes,  a  member 
of  the  Committee,  printed  in  Bulletin  No.  80,  and  in  Vol.  8  of  the 
Proceedings,  fully  describes  the  unknown  quantities  pertaining  to  a  con- 
siderable extent  in  new  bridges,  and  to  a  still  greater  extent  in  old 
bridges,  and  the  ability,  experience,  sound  judgment  and  nerve  required 
of  an  engineer  when  he  faces  the  responsibility  of  deciding  to  what 
extent  he  can  safely  overload  his  bridges. 

Owing  to  insufficient  knowledge  as  to  the  actual  effects  of  fast-moving 
trains  on  bridges,  the  uncertainties  as  to  the  actual  strains  which  may 
exist  and  the  varying  condition  of  the  other  controlling  factors,  each 
bridge  must  be  considered  as  ,a  separate  problem,  and,  therefore,  your 
Committee  finds  it  impossible  to  formulate  any  general  rule  for  universal 
application  in  determining  the  maximum  safe  carrying  capacity. 

The  question  is  mainly  one  of  conditions,  experience  and  judgment, 
and  judgment  must  be  based  upon  the  conditions,  so  far  as  they,  are 
known,  and  upon  experience  with  overloaded  structures  under  approxi- 
mately similar  conditions. 

While  unwilling  to  commit  themselves  to  any  positive  general  state- 
ment as  to  the  absolute  limit  of  overload  or  limit  of  strains  which  may 
be  permitted,  the  members  of  the  Committee,  whose  names  are  signed 
hereto,  have  formulatd  the  following  specific  conclusions,  which  are  be- 
lieved to  be  conservative  and  consistent  with  their  experience  and  gen- 
eral practice : 

(i)  The  carrying  capacity  of  a  bridge  is  here  understood  to  mean  the 
heaviest  moving  loads  which  may  be  operated  over  it  in  regular  serv- 
ice for  a  limited  time  without  subjecting  it  to  such  severe  strains, 
motion  or  wear  of  parts  as  to  seriously  impair  its  safety  and 
serviceability. 

218 


IRON   AND   STEEL   STRUCTURES.  219 

(2)  The  carrying  capacity  of  any  bridge  will  depend  upon  a  large  num- 
ber of  control'ing  factors,  all  of  which  must  be  taken  into  considera- 
tion. Some  of  these  factors  are  design,  material,  workmanship, 
speed,  strains,  behavior,  physical  condition  and  the  possibility  of 
maintaining  falsework  for  a  considerable  time  should  the  bridge 
show  distress  under  increased  loading. 

(3)  A  railroad  bridge  which  has  been  constructed  in  accordance  with 
a  specification  which  provides  for  strength,  design,  material  and 
workmanship  at  least  equal  to  the  standard  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association  specifications  will, 
when  in  good  condition,  carry  for  a  limited  period  a  loading  in  excess 
of  that  for  which  it  was  originally  designed.  The  bridge,  however, 
will  be  subjected  to  a  greater  amount  of  motion  and  wear  of  parts, 
have  a  lower  margin  of  safety,  less  efficiency  and  a  shorter  life. 

*(4)  When  the  span  is  less  than  200  ft.,  all  controlling  factors  given 
in  Article  2  good,  the  mathematical  analysis  made  in  accordance 
with  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association  specifications  of  1906,  using  full  specification  allowances 
for  impacts  for  regular  service  fast  speed  and  one-half  of  these 
impact  allowances  for  slow  speed,  then,  so  long  as  the  controlling 
factors  remain  good,  unit  strains  in  tension  to  the  extent  of  26,000 
lbs.  in  structural  open-hearth  steel  and  22,000  lbs.  in  wrought-iron, 
will  not,  in  themselves,  be  sufficient  justification  for  suspending 
traffic   or   condemning  the  structure. 

(5)  When  the  controlling  factors  as  outlined  in  Article  2  are  not  good, 
the  limiting  strains  or  capacities  cannot  be  determined  by  any  gen- 
eral rule,  as  they  are  questions  of  actual  conditions,  judgment  and 
experience,  supplemented  by  a  close  watch  on  the  structure  in 
service. 

IT.      CLASS'lFICATION    FOR    OPERATING    PURPOSES. 

The  object  of  a  system  of  classification  of  bridges  for  operating  pui- 
poses  is  the  presentation  in  a  clear  and  concise  form  of  the  maximum 
weight  of  engines  and  cars  which  may  be  al'owed  on  any  branch  or 
part  of  a  railroad  in  order  that  the  operating  officials  may  intelligently 
assign  engines  for  regular  service,  control  the  interchange  of  cars  and, 
in  case  of  a  blockade  from  any  cause,  regulate  the  detouring  of  foreign 
or  home  cars. 

Your  Committee  considers  it  desirable  that  a  uniform  system  of 
classification   be    used   by   all    railroads,    and,    although    some    roads    may 


*See  amendment,  p.  221. 
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prefer  a  modified  form  of  the  system  herein  proposed,  in  order  to  better 
meet  their  individual  requirements,  it  is  recommended  that  the  following 
scheme  be  generally  adopted: 

Bridges  should  be  classified  for  operating  purposes  according  to  their 
efficiencies  under  a  loading  of  the  type  outlined  in  the  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association  specifications.  The 
efficiencies  should  be  indicated  by  figures  representing  either  the  total 
weight  or  driving  axle  weight  of  the  heaviest  permissible  engine  of  the 
specification  type,  and  these  figures  should  be  placed  on  the  map  of  the 
railroad  in  such  a  manner  as  to  show  at  a  glance  the  capacity  of  the 
weakest  structure  on  the  main  line,  branches  and  engine  districts.  A 
schedule  on  this  map  will  give  the  service  classes  of  engines  and  cars 
v.-hose  operation  is  permitted  by  the  stated  efficiencies.  Notes  on  the 
map  will  indicate  restrictions  as  to  speed  and  double-headers,  and,  in 
order  that  these  notes  may  not  be  overlooked  an  asterisk  may  be  placed 
after  the  number  indicating  the  efficiency  on  that  section  of  the  road 
where  there  are  restrictions  as  to  double-headers  and  speed. 

The  accompanying  map  illustrates  briefly  the  above  scheme.  • 

CLEVELAND 
0  n  \^^  ft: 

*  o  \  ^  •« 

O  22S  O  13S  \  lao*  « 
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Schedule  showing  heaviest  equipment  of  each  service  class  which  may 
be  operated  when  the  bridge  efficiency  is  as  stated : 

Efficiency.  Service  Class. 

225  A250        B240        C130        D220 

180  A200        B190        C180        D170 

13s  A150        B140        C130        D120 

The  figures  denote  weight  in  1,000  lbs.  of  engine,  exclusive  of  tender. 
♦Speed  restriction :    Ten  miles  on  Bridge  23  at  Pittsburg. 
♦Double  Headers :     No  restriction  except 

Note. — If  preferred,  the  eflSciency  may  be  indicated  by  the  driving  axle-load  in  ac- 
cordance with  Cooper's  series,  instead  of  by  the  weight  as  above  shown. 
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CONCLUSION. 

Your  Committee  recommends  the  adoption  of  the  plan  outlined 
under  the  heading  of  Classification  of  Bridges  as  to  Safe  Carrying 
Capacity  as   representing  good  practice. 

Respectfully   submitted, 

J.  E.  Greiner,  Assistant  Chief  Engineer,  Baltimore  &  Ohio  Railroad, 
Baltimore,  Md.,  Chairman. 

C.  F.  LovvETH,  Engineer  and  Superintendent  Bridges  and  Buildings, 
Chicago,    Milwaukee   &   St.    Paul    Railway,    Chicago,    Vice-Chairman. 

M.  F.  Brown,   Chief  Engineer,   Boston  Bridge  Works,  Boston,  Mass. 

C.  H.  Cartlidge,  Bridge  Engineer,  Chicago,  Burlington  &  Quincy  Rail- 
way, Chicago,  111. 

C.  L.  Crandall,  Professor  of  Railroad  Engineering,  Cornell  University, 
Ilhaca,  N.   Y. 

B.  W.  GuppY,  Bridge  Engineer,  Maine  Central  Railroad,  Portland,  Me. 
A.  J.   HiMES,   Asst.   Chief   Engineer,   New   York,   Chicago   &    St.    Louis 

Railway,   Cleveland,  O. 
Chas.    M.    Mills,    Principal    Assistant    Engineer,    Elevated    Railroad    & 

Subway,    Philadelphia,  Pa. 
A.  D.  Page,  Principal  Assistant  Engineer,  Rock  Island  Railway  System, 

Chicago,  111. 
A.  F.  Robinson,  Bridge  Engineer,  Santa  Fe  Railway  System,  Chicago,  111. 

C.  C.  Schneider,  Consulting  Engineer,   Philadelphia,   Pa. 

J.  P.  Snow,  Bridge  Engineer,  Boston  &  Maine  Railroad,  Boston,  Mass. 
J.  R.  Worcester,  Consulting  Engineer,  Boston,  Mass. 

Committee. 

AMENDMENT. 

(4)  When  the  span  is  less  than  200  ft.,  all  controlling  factors  given 
in  Article  2  good,  the  mathematical  analysis  made  in  accordance  with 
the  American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion specifications  of  1906,  using  full  specification  allowances  for  impacts 
for  regular  service  fast  speed  and  one-half  of  these  impact  allowances 
for  speeds  not  exceeding  15  miles  per  hour,  then,  so  long  as  the  con- 
trolling factors  remain  good,  unit  strains  in  tension  to  the  extent  of 
26,000  lbs.  in  structural  open-hearth  steel  and  22,000  lbs.  in  wrought-iron, 
will  not,  in  themselves,  be  sufficient  justification  for  suspending  traffic 
or  condemning  the  structure. 
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IMPACT  TESTS. 

The  sub-committee  appointed  to  conduct  the  impact  tests  provided 
for  by  the  Association,  beg  to  make  a  brief  report  of  the  work  done 
during  the  season  of  1907.  Inasmuch  as  it  was  impossible  to  carry 
on  field  work  for  more  than  four  weeks,  and  as  the  sub-committee  has 
not  yet  had  time  to  sift  the  data  and  discuss  the  results,  this  report 
can  only  be  a  report  of  progress. 

In  making  this  report  it  has  seemed  desirable  to  tabulate  the  results 
obtained  in  a  manner  to  show  as  nearly  as  possible  the  original  data. 
This  has  been  done,  but  the  limitations  of  time  have  made  it  impossible 
for  the  data  herewith  given  to  be  checked  and  the  diagrams  to  be 
studied  as  they  must  be  before  a  final  report  can  be  made.  Under  these 
circumstances  the  sub-committee  cannot  attempt  at  the  present  time  to 
draw  any  conclusion  whatever.  It  is  thought,  however,  that  the  report 
contains  much  data  of  value  and  that  what  has  been  obtained  will  lead 
to  many  suggestions  that  will  assist  greatly  in  planning  and  carrying 
out  a  more  extensive  program  of  work  next  season. 

INSTRUMENTS. 

The  instrument  used  consisted  of  a  deflectometer  and  eight  ex- 
tensometers.  The  deflectometer  is  the  instrument  described  in  Trans- 
actions Am.  Soc.  C.  E.,  Vol.  XLI,  p.  411.  The  instrument  is  itself  at- 
tached to  the  bridge,  while  the  connection  with  the  ground  below  is  made 
by  means  of  a  wire  attached  to  a  heavy  weight  resting  upon  the  ground. 
The  deflection  is  multiplied  by  two  and  recorded  on  a  moving  strip 
of  paper.  The  extensometers  are  of  the  form  described  at  the  1907 
meeting  of  the  Association.  They  are  clamped  to  various  members  of 
a  structure  and  record  the  extensions  or  compressions  of  the  members 
over  a  length  of  about  four  feet.  The  ratio  of  multiplication  of  the 
extensometers  is  about  50. 

As  soon  as  the  impact  tests  were  authorized,  the  Committee  made 
every  effort  to  get  the  extensometers  manufactured  at  the  earliest  pos- 
sible date.  No  instrument  maker  could  be  found  who  would  under- 
take to  furnish  them,  so  that  any  field  work  could  be  done  during  1907. 
Under  these  circumstances,  the  University  of  Wisconsin  undertook  to 
do    the   work  in   the   shops    of   the   College   of   Engineering.     The   work 
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was  pushed  as  rapidly  as  possible,  and  six  instruments  were  ready  for 
use  on  August  26.  With  these  the  work  was  started.  Two  others 
were  ready  on  September  8.    Four  more  will  be  available  next  season. 

STRUCTURES     TESTED    AND    RAILROADS    CONCERNED. 

After  conferences  with  various  members  of  the  Committee,  it  was 
decided  to  confine  the  work  mainly  to  pin-connected  and  riveted  truss 
bridges  of  comparatively  short  span,  doing  such  work,  however,  on 
plate  girders  as  might  be  conveniently  carried  out  in  connection  with 
the  other  tests. 

Liberal  assistance  was  offered  by  several  railroad  companies,  more 
indeed  than  could  be  utilized  during  the  season.  Limitations  of  time, 
convenience  of  location  and  the  nature  of  the  structure  available  led 
finally  to  the  carrying  out  of  tests  on  the  following  roads :  Illinois  Central ; 
Chicago,  Burlington  &  Quincy ;  Chicago,  Milwaukee  &  St.  Faul ;  Chicago, 
Rock  Island  &  Pacific;  and  the  New  York,  Chicago  &  St.  Louis.  In 
all  cases  the  roads  furnished,  free  of  charge,  a  special  lest  train  and 
all  needed  assistance,  in  the  way  of  help  from  laborers  and  mechanics. 
Every  effort  was  made  to  facilitate  the  tests,  and  the  thanks  of  the 
Committee  are  due  the  several  managements  for  the  valuable  courtesies 
extended. 

GENERAL   DESCRIPTION    OF    THE    WORK. 

The  field  work  was  carried  out  by  a  party  consisting  of  Messrs. 
C.  L.  Crandall  and  F.  E.  Turneaure,  of  the  sub-committee,  and  assist- 
ants, Messrs.  W.  S.  Kinne  and  E.  E.  Parker,  of  the  University  of 
Wisconsin ;  and  Donald  Derickson,  of  Cornell  University.  Mr.  W.  C. 
Penn,  also  of  the  University  of  Wisconsin,  acted  as  a  fourth  assistant, 
until  he  was  obliged  to  leave  on  account  of  illness,  when  his  place  was 
taken  by  Mr.  A.  D.  Stewart,  M.  E.  During  the  tests  on  the  Chicago, 
Burlington  &  Quincy  Railway,  the  other  member  of  the  sub-committee, 
Mr.  C.  H.  Cartlidge,  was  also  a  member  of  the  party. 

In  the  case  of  truss  bridges,  it  was  the  aim  of  the  Committee  to 
secure  data  relative  to  deflection  at  or  near  the  center  and  of  deforma- 
tions in  various  members  of  the  bridge.  The  members  usually  selected 
were  the  stringer,  floor-beam,  hip  vertical,  chord  members,  and  one  or 
more  diagonals.  The  inclined  end-post  was  also  often  selected.  Counters 
were  not  generally  used,  as  the  rapid  vibrations  of  slender  counter 
bars  made  it  very  difficult  to  secure  reliable  results.  Rigid  diagonal 
members   near   the   center   of  the    span   were,   in   some   cases,    used. 

Test  trains  were  made  up  of  a  selected  type  of  locomotive,  followed 
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generally  by  a  sufficient  number  of  loaded  cars  to  cover  the  span. 
Longer  trains  were  not  used,  for  the  reason  that  it  was  desired  to 
secure  speeds  as  high  as  possible  and  also  because  many  observations 
under  the  freight  trains  of  the  regular  traffic  showed  that  at  the  speeds 
practically  attainable,  the  fmpact  effect  was  much  less  than  with  the 
shorter  test  train.  In  carrying  out  the  tests,  the  train  was  headed  in 
the  more  favorable  direction  for  speed,  and  was  moved  back  and  forth 
over  the  structure  at  various  rates  of  speed.  Such  speeds  were  selected 
as  to  cover  fairly  the  range  from  about  20  miles  per  hour  to  the 
maximum  attainable.  A  few  movements  were  made  at  from  10  to  20 
miles  per  hour.  Little  difference  was  noted  in  the  results  at  various 
speeds  below  15  miles  per  hour,  and,  in  general,  the  results  at  10  miles 
per  hour  may  be  considered  as  practically  equal  to  static  stresses.  The 
speed  of  the  train  was  determined  by  the  use  of  stop-watches  and 
signals  by  observers  stationed  at  the  ends  of  a  500-ft.  base  line.  The 
locomotive  was  generally  working  when  crossing  the  span,  but  in  some 
cases  was  not.  Differences  in  this  respect  caused  no  noticeable  dif- 
ferences in  results,  so  far  as  the  field  observers  were  able  to  judge, 
although  this  point  was  considered  mainly  with  respect  to  the  higher 
speeds.  Each  test  was  given  a  serial  number,  and  all  records  obtained 
for  that  test  were  given  the  same  number. 

EXPLANATION    OF    TABULATED    DATA. 

The  work  of  the  season  is  presented  herewith  in  tabular  form  in 
tables  Nos.  i  to  5,  and  in  the  set  of  bridge  diagrams.  TIk  diagrams 
give  the  most  essential  information  concerning  the  bridges  tested.  For 
purposes  of  reference,  the  bridges  are  numbered  consecutively  in  the 
order  of  the  tests.  These  bridge  numbers,  together  with  record  num- 
bers secured  on  the  structure,  and  the  locomotive  members,  are  given 
on  each  sheet.  The  loading  for  which  the  bridge  was  designed  is  also 
generally  given.  Bridge  No.  5  is  designed  for  a  future  second  track — 
one  truss  being  heavy  and  the  other  light.  The  same  thing  is  true 
of  Nos.  6  and  8..  These  are  the  same  structure.  No.  6  being  the  heavy 
truss  and  No.  8  the  light  truss.     No.  13  is  a  ballasted-floor  girder. 

Table  No.  i  contains  a  summary  of  data  as  to  bridges,  record  num- 
bers, locomotives,  etc.  No  comments  are  necessary  regarding  this  table. 
Table  No.  3  contains  calibration  data  of  the  instruments  and  the  ap- 
proximate speed  of  movement  of  the  record  paper.  Table  No.  2  con- 
tains locomotive  data  with  special  reference  to  the  weight  on  drivers 
and   the  weight  of  the   counterbalance.    The   latter  weight   is  given   as 
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the  amount  of  excess   weight,  calculated   at  crank-pin   center,  over   and 
above  the  amount  necessary  to  balance  the  revolving  parts. 

Table  No.  4  contains  detailed  data  of  the  tests.  Each  sheet  repre- 
sents the  work  of  one  day  on  one  structure,  and  with  a  particular  loco- 
motive and  train.  At  the  top  of  the  sheet  are  given  the  weights  of 
test  train,  and  a  diagram  of  the  bridge,  showing  the  general  location 
of  the  instruments  by  number.  The  table  then  gives,  first,  the  number 
of  the  test,  then  the  speed  in  miles  per  hour,  then  the  position  of 
counterbalance,  as  will  be  described  more  fully  later.  Then  follow  the 
data  relating  to  the  deflection  and  measurements  of  the  various  ex- 
tensometers  from  Nos.  i  to  8.  The  location  of  each  instrument  is  given 
immediately  below  the  number.  In  the  column  headed  "Maximum"  is 
given  generally  the  value  of  the  maximum  ordinate  of  the  diagram 
resulting  from  the  test,  expressed  in  hundredths  of  inches.  An  exception 
to  this  is  where  there  was  obviously  considerable  instrumental  vibration, 
in  which  case  an  eflFort  was  made  in  scaling  the  diagrams  to-  eliminate 
this  instrumental  effect.  This  could  be  done  in  many  cases  quite  sat- 
isfactorily, but  not  in  other  cases,  and  all  such  records  are  open  to 
more  or  less  doubt.  Their  value  is  a  matter  for  further  discussion. 
In  the  column  marked  "Amplitude"  is  given  the  amplitude  of  the  vibra- 
tions in  the  diagrams  where  such  vibration  is  apparently  due  to  the 
structure  and  is  not  instrumental  vibration.  Vibrations  may  be  due  in 
general  to  three  causes,  (a)  vibrations  of  the  structure  as  a  whole,  as 
shown  most  clearly  in  the  deflection  diagrams  and  the  chord  or  flange 
stresses ;  (b)  vibrations  of  individual  members,  especially  eye-bars ;  and 
(c)  instrumental  vibrations.  Other  marked  variations  in  the  diagrams 
occur  in  such  members  as  stringers,  floor-beams  and  hip  verticals.  All 
of  these  will,  later,  be  illustrated  by  photographs  of  various  diagrams. 
It  can  only  be  stated  at  present  that  it  is  generally  possible  to  dis- 
tinguish instrumental  vibrations  from  others  because  of  their  much 
greater  rapidity.  It  may  be  said,  however,  that  in  most  of  the  diagrams 
obtained,  the  instrumental  vibrations  are  not  serious.  In  the  column 
marked  "Peak"  are  given  the  measured  ordinates  to  the  highest  points 
of  the  curves,  including  instrumental  vibration.  The  excess  of  this 
value  over  the  "Maximum"  shows  the  extent  of  the  instrumental  vibra- 
tion as  estimated.  In  many  cases  this  is  small,  but  in  many  cases  also 
it  is  large.  In  some  cases  it  is  so  excessive  that  no  attempt  has  been 
made  to  measure  the  records.  The  deflectometer  gave  no  trouble  in 
this  respect.  In  the  column  headed  "Remarks"  are  noted  various  re- 
marks by  the  use  of  letters :  "I"  signifies  instrumental  vibration ;  "M" 
vibration  due  to  the  members;  "Sj"  and  "Si"  express  the  fact  that  in 
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the  case  of  stringers  and  similar  members,  there  were  one  or  two  high 
points  on  the  diagram,  not  instrumental  vibration,  and  "V"  denotes  the 
length   of   vibration   period   in   inches   as   measured   along   the   paper. 

Returning  to  column  three,  headed  "Counterbalance."  In  the  later 
tests  the  position  of  the  counterbalance  was  determined  with  reference 
to  some  panel  point  of  the  bridge.  This  was  done  by  inserting  an 
index  made  of  ^-in.  steel  into  the  rim  of  one  of  the  drivers,  exactly 
opposite  the  counterbalance.  Then,  alongside  the  rail,  was  placed  a 
2x4  in.  strip,  on  which  was  placed  a  ridge  of  clay  or  putty  at  such  a 
height  as  to  be  indented  by  the  index  as  it  passed  along.  This  plan 
worked  well,  and  the  information  secured  will  doubtless  prove  of  value 
in  discussing  the  results.  The  position  of  the  indentation  is  noted  in 
feet  east  or  west  of  the  point  of  reference,  which  point  of  reference  is 
shown   on   the   truss   diagram   by   the   letter   "C." 

Table  No.  5  contains  some  selected  data  from  Table  No.  4,  together 
with  certain  calculations.  This  table  is  not  confined  to  original  data, 
and  the  results  are  subject  to  modification.  Some  of  the  most  important 
tests  of  each  day's  work  have  been  selected.  Under  each  instrument 
number  are  given,  (i)  the  estimated  static  stress  as  determined  from 
the  results  at  low  speeds ;  (2)  the  maximum  ordinate  as  given  in  table 
No.  4;  (3)  the  mean  ordinate  wherever  an  amplitude  is  given  in  table 
No.  4,  obtained  by  subtracting  from  the  maximum  value  one-half  of 
the  amplitude,  and  (4)  the  percentage  of  impact  based  upon  the  values 
in  the  first  and  second  columns.  The  figures  given  are  thus  obtained 
by  simple  calculation  from  table  No.  4,  except  the  estimated  static 
stresses.  These  values  have  been  estimated  by  only  one  member  of 
the  Committee.  Some  of  them  will  doubtless  be  modified  when  the 
Committee  has  had  opportunity  to  discuss  the  data.  With  this  excep- 
tion, however,  the  values  of  table  No.  5  are  taken  directly  from  table 
No.  4.  Bearing  in  mind  the  uncertainty  of  many  of  the  results,  due 
to  instrumental  vibrations  and  other  causes,  and  that  doubtless  on  fur- 
ther study  some  of  the  figures  of  table  No.  4  will  be  modified  or  ex- 
cluded, it  is  evident  that  the  results  in  table  No.  S  should  not  be  ac- 
cepted as  in  any  way  final,  even  for  these  particular  tests.  Inasmuch, 
however,  as  those  persons  interested  would  probably  proceed  at  once 
to  deduce  from  table  No.  4  tentative  results  like  those  in  table  No.  5, 
it  was  thought  desirable  for  the  sub-committee  to  present  the  data  of 
table  No.  5. 

To  make  the  data  of  most  value,  a  few  comments  on  the  general 
character  of   the   diagrams   obtained   on   the   various    structures   may   be 
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of  assistance.  These  comments  are  based  upon  the  detailed  study  of 
the  diagrams,  in  the  work  of  measuring  ordinates,  which  work  was  done 
by  Messrs.  Crandall  and  Turneaure.  To  a  large  extent,  also,  the  gen- 
eral character  of  the  diagrams  is  indicated  in  the  column  of  "Remarks." 

DEFLECTIONS. 

These  were  in  nearly  all  cases  well  determined  and  subject  to  very 
httle  uncertainty.  In  the  case  of  bridge  No.  6,  the  results  are  in  doubt, 
owing  to  the  effect  of  a  strong  current  of  water  upon  the  connecting 
wire.  In  all  other  cases  the  weight  was  placed  on  dry  ground,  or  in 
very  shallow  water,  and  the  results  are  reliable.  It  will  be  noted  in 
table  No.  5  that  the  mean  value  of  the  ordinate  for  the  deflection  is 
usually  nearly  the  same  as  the  static  or  slow-speed  values.  The  vibra- 
tions in  the  deflection  curves  are  due  to  the  vibrations  of  the  structure 
as  a  whole. 

Bridge  No.  i,  August  28. — Considerable  instrumental  and  member 
vibration,  especially  of  chord-bars  and  diagonals.  End  posts  quite  well 
determined.     Hip   vertical   results   disturbed   by   instrumental   vibration. 

Bridge  No.  2,  August  29. — Large  member  and  instrumental,  vibration 
in  lower  chord;  hip  vertical  fair;  main  diagonal  fair;  top  chord  well 
determined. 

Bridge  No.  3,  August  29. — Large  member  and  instrumental  vibration, 
but  some  good  values. 

Bridge  No.  4,  August  30. — Floor  beam  and  posts  well  determined ; 
chord-bars,  diagonals  and  hip  vertical  gave  large  instrumental  vibration. 

Bridge  No.  5,  August  31. — Hip  vertical  and  second  post  very  poor, 
having  large  instrumental  vibration,  apparently  because  of  the  fact  that 
the  rails  rest  directly  upon  the  shallow  steel  floor.     Other  members  fair. 

Bridge  No.  6,  September  2.— Deflections  in  doubt.  Hip  vertical 
good ;  main  diagonal  fair ;  lower  chord  good,  but  stresses  too  low  to 
make  impact   percentage    reliable. 

Bridge  No.  7,  September  2  and  3. — Generally  well  determined. 

Bridge  No.  8,  September  3. — Lower  chord  and  diagonal  fair;  hip 
vertical  much  instrumental  vibration ;  floor-beam  and  stringer  generally 
good ;   top  chord  good. 

Bridge  No.  9,  September  4  to  9. — Results  generally  good.  The  pos- 
sible effect   of   secondary  stresses   in   the   lower   chord   should  be   noted. 

Bridge  No.  10. — Results  of  no  value  on  account  of  instrumental 
vibration. 

Bridge   No.    11,    September    10  and    11. — Results   generally  good. 
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Bridge  No.  12,  September  12,  13,  14. — Chord-bars  gave  large  member 
and  instrumental  vibration;  diagonals  fair;  other  members  good. 

Bridge  No.  13,  September  12,  13. —  Deflection  well  determined. 
Flange  stresses  apparently  well  determined,  but  results  somewhat  anoma- 
lous. 

Bridge  No.   14,  September  16,  17. — Results  good. 

Bridge  No.  15,  September  17. — Some  instrumental  vibration. 

Bridge  No.  16,  September  19  and  20. — Chord-bars  gave  much  mem- 
ber vibration ;  other  members  good.  Note  in  table  No.  4,  sheet  No.  32, 
extensometers  4  and  6,  the  effect  of  lateral  bending  upon  the  flange 
stress  of  the  floor-beam. 

PHOTOGRAPHS    OF    DIAGRAMS. 

It  is  evidently  impossible  to  duplicate  the  large  number  of  diagrams 
obtained.  It  is  the  purpose  of  the  Committee,  however,  to  photograph 
quite  a  large  number,  so  as  to  illustrate  all  of  the  various  types  of 
diagrams  obtained.  This  could  not  be  done  in  time  to  accompany  this 
report,  but  it  is  probable  that  a  limited  number  of  photographic  copies 
will  be  available  previous  to  the  March  meeting. 
Respectfully   submitted, 

F.    E.    TURNEAURE, 

.  C.    H.   Cartlidge, 

C.  L.   Crandall, 
Sub-Committee  on  Tests. 
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♦REPLACEMENT    OF    BRIDGES    AND    ALLIED    STRUCTURES. 

By  Herman   K.   Higgins^   Member   Boston    Society   of  Civil   Engineers. 

The  writer  was  for  several  years  in  the  employ  of  a  railroad  com- 
pany. Part  of  his  duties  consisted  in  the  examination  of  structures  for 
the  purpose  of  determining,  first,  when  they  should  be  replaced ;  second, 
what  loads  they  should  be  allowed  to  carry  in  the  meantime.  Some  of 
the  conclusions  he  has  arrived  at  may  be  pertinent  and  possibly  useful. 

Many  of  us  (the  writer  included)  are  accustomed  to  consider 
bridges  as  classified,  (a)  by  material — stone,  concrete,,  iron,  wood,  etc. — 
and  (b)  by  use — highway,  railway,  etc.  In  the  olden  time  when  the  writer 
was  forming  his  bridge  habits  (many  of  which  he  has  found  occasion 
to  change)  the  classification  by  use  was  characteristic — highway  bridge 
practice  being  materially  different  from  railway  practice.  Since  the 
advent  of  interurban  street  railway  and  motor  vehicles  the  distinction 
has  largely  disappeared,  and  in  many  respects  the  two  classes  are  now 
practically  one. 

Classification  by  material  is  still  to  a  great  extent  characteristic,  al- 
though the  lines  of  demarkation  are  becoming  much  less  sharply  defined. 
The  reinforced  arch,  for  example,  is  neither  like  a  stone  arch  which  it 
resembles  in  appearance,  nor  like  a  plate  girder  or  a  continuous  column, 
which  it  resembles   (somewhat)   in  stress  analysis. 

The  writer  has  in  recent  years  thought  of  bridges  as  classified  thus: 

(i)  Stone,  voussoir  arch,  including  brick,  and  block  concrete. 
(2)  Concrete,  monolithic,  hinged  or  not,  reinforced  or  not.  (3)  Iron 
or  steel,  with  floors  of  any  material.  (4)  Wooden,  with  only  part  of 
tension  members  of  metal  and  with  bolts,  spikes,   etc.,  of  iron  or  steel. 

These  four  classes  call  for  somewhat  different  treatment  in  detail, 
the  general  considerations  remaining  the  same  for  all. 

The  determination  of  the  proper  time  for  renewal  of  a  structure 
("structures"  being  a  term  to  cover  many  things  besides  bridges)  is  a 
much  more  complex  problem  than  is  often  supposed.  It  depends  upon 
design,  condition,  present  loads,  probable  future  loads,  maximum  vs.  ruling 
loads,  and  last,  but  not  lea.st,  on  many  economic  considerations. 

In  order  to  judge  intelligently  and  get  the  full  life  of  structures  a 
comprehensive  system  of  inspection  with  reports  and  permanent  records 
is  necessary.  Many  structures  likely  to  be  condemned  under  irregular 
inspection  would  be  retained  under  a  regular  system  of  examination  and 
recorded  reports.  It  will  readily  be  seen  that  in  the  nature  of  things  this 
must  be  so.  If  the  inspector  knows  that  he  will  see  the  structure  again 
in  six  months  or  a  year,  he  can  work  much  closer  to  the  full  useful  life 
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of  his  material.  If  he  does  not  know  when  the  structure  is  to  be  next 
examined,  he  will,  properly,  condemn  everything  that  falls  below  a  iiigh 
standard,  even  when  he  knows  it  is  good  for  one  or  possibly  three  years 
but  not  longer.  A  proper  system  of  records  also  allows  him  to  devote 
an  extra  proportion  of  attention  to  older  structures.  There  is  a  chance 
for  much  waste  right  here  in  the  absence  of  system. 

Stone  bridges,  also  brick,  were,  not  so  very  long  since,  thought  to 
be  permanent.  The  older  arches  are,  under  present  train  and  highway 
loads,  often  in  need  of  careful  watching;  fortunately  they  always  give 
notice  of  overstraining,  and  intelligent  supervision  will  often  hold  them 
in  service  long  after  the  stresses  approach  the  elastic  limit,  indicated 
by  cracking  and  spalling.  These  structures  were  designed  long  ago  for 
loads  then  absurdly  heavy  but  now  outgrown ;  and  loads  are  still  grow- 
ing. It  may  be  that  an  occasional  excessive  load  may  be  tolerated, 
whereas  the  ruling  load  must  always  be  within  safe  limits  to  provide  for 
the  appreciable  though  unmeasureable  effect  of  fatigue  of  material.  It 
frequently  is  the  case  that  very  inexpensive  repairs — concrete  lining, 
buttresses  and  buttress  arches  of  brick  or  concrete,  iron  tierods,  etc. — 
will  suffice  to  make  the  structure  perfectly  safe  and  secure  for  many 
years  more,  especially  when  economic  conditions  make  entire  reconstruc- 
tion  inadvisable. 

Block  concrete  (voussoir)  arches  are  not  often  met  with,  but  com- 
pare in  all  respects  except  unit  stresses  with  stone  arches. 

Concrete  arches,  monolithic,  reinforced  or  not,  are  of  comparatively 
recent  date  and  have  not  yet  begun  to  approach  their  limit  of  life.  They 
differ  from  stone  in  that  internal  conditions  cannot  so  readily  be  judged 
by  external  signs.  It  is  going  to  be  a  very  ticklish  proposition  to  knov^^ 
just  when  to  condemn  such  bridges.  What  knowledge  we  have  of  them 
is  based  almost  entirely  on  laboratory  tests,  and  the  few  service  tests 
available  indicate  the  need  of  much  caution.  The  writer  does  not  con- 
sider it  safe  to  approach  anywhere  near  as  close  to  the  elastic  limit  as 
good  practice  warrants  with  either  of  the  other  types  of  bridges.  By 
the  time  these  structures  approach  their  limit  of  usefulness,  many  if  not 
most  of  the  records  pertaining  to  their  original  construction  will  have 
been  lost.  It  is  so  with  many  old  bridges  built  so  lately  that  the  writer 
can  readily  recall  their  preliminaries,  and  will,  no  doubt,  continue  to  be 
the  case.  Roads  built  by  promoters  rarely  have  complete  records  of 
structures.  With  the  original  records  missing  it  will  be  impossible  to 
correctly  compute  stresses,  and  the  inspector  will  have  no  easy  problem  to 
solve.  An  iron  or  wooden  bridge  can  be  measured,  a  stone  arch  can  at 
least  be  approximated,  but  to  measure  the  iron  in  a  Monier  or  Melan 
bridge  will  require  a  divining  rod  that  will  make  the  witch  hazel  of 
olden  days  look  very  old-fashioned.  Even  in  case  the  records  are  avail- 
able the  inspector's  path  is  by  no  means  lined  with  roses.  The  effect 
of  vibration  with  modern  loads  is  not  well  known  nor  is  the  quality  of 
the  concrete  used.     In  a  couple  of  generations  this  problem  may  be  his- 
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torical  only,  but  the  writer  believes  that  most  of  the  concrete  structures 
of  this  generation  will  have  become  historical  also.  What  we  need  is 
permanent  records  and  recorded  and  published  experience.  We  shall 
continue  to  build  concrete  structures,  and  we  greatly  appreciate  the  ex- 
perimental data  prepared  for  us  by  so  many  eminent  members  of  this 
and  other  societies.  We  could  do  little  without  it;  nevertheless,  we 
do  not  know  nearly  as  much  about  concrete  as  we  do  about  iron  or 
stone,  and  as  bridge  inspectors  we  shall  feel  suspicious  of  every  crack 
and  stain,  however  harmless,  till  we  can  find  out  what  caused  it. 

Iron  or  steel  structures  nearly  always  present  a  comparatively  easy 
problem.  If  original  plans  are  missing,  they  can  usually  be  obtained 
from  the  builder,  whose  enterprise  in  advertising  (by  name  plate)  often 
fills  a  serious  blank  in  records.  The  condition  of  the  iron  is  apparent 
on  proper  examination.  It  may  help  someone  to  mention  some  of  the 
locations  of  incipient  failure.  In  old  structures  the  rivets  and  splices 
usually  show  earliest  signs  of  distress.  Plate  girders  and  built-up  beams 
need  special  attention  to  web  rivets  near  ends ;  the  hammer  will  not  find 
the  trouble;  white  paint  before  the  last  rain  is  much  better  but  often 
not  attainable ;  there  is  often  some  sign  of  motion  of  flange  angles  on 
webs.  If  motion  exists  the  structure  should  be  watched  for  increase  of 
motion.  If  it  does  not  increase  there  is  usually  no  cause  for  alarm. 
When  it  does,  measures  should  be  taken  to  stop  it. 

Lateral  and  sway  connections  are  often  weak  and  work  loose;  often 
a  few  rivets  a  size  larger  and  some  reaming  of  holes  will  suffice  as  a 
remedy. 

Roller  bearings  that  do  not  roll  are  the  rule  for  old  bridges  and  are 
important  only  on  long  spans. 

If  badly  rusted,  plate  girders  should  be  examined  for  holes  in  webs 
near  corners  adjacent  to  flange  angles. 

In  truss  bridges  one  should  look  for  "upholstered"  struts,  rust, 
streaked  plates  near  and  below  riveted  joints,  weak  details  of  tension  mem- 
bers and  laterals,  pins  subject  to  severe  bending  moment;  old  pins  were 
often  small  and  members  were  often  put  on  at  variance  from  plans.  De- 
tails near  bearings  on  masonry  are  often  subject  to  excessive  corrosion. 

Sometimes  abutments  and  parapets  move  and  "pinch"  the  structure. 
This  applies  to  all  bridges — iron  and  wood. 

Truss  pins  should  always  have  cotters  outside  the  nuts.  Old  bridges 
usually  do  not.  Nuts  may  be  keyed  on  with  machine  screws.  One 
should  look  for  missing  nuts  and  pins  working  out,  also  for  loose  rivets 
at  floor  connections,  also  for  evidence  of  wear  of  pin  at  foot  of  hip  verti- 
cals. 

When  the  structure  is  known  to  agree  with  the  plans,  the  stresses 
may  be  computed.  For  old  structures  the  writer  believes  the  best 
method  involves  the  old-fashioned  "wheel  loads."  He  prefers  and  uses 
the  diagram  of  moments  in  the  older  editions  (1890)  of  Du  Bois, 
"Strains  in  Framed  Structures"  checked  by  comparison  with  older  com- 
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'putations.  This  diagram  is  sufficiently  elastic  to  use  when  all  or  few 
members  are  in  question ;  it  is  little  work  to  make  a  diagram  for  each 
class  of  locomotives  as  it  appears  on  the  road ;  it  gives  as  close  approxi- 
mations as  are  warranted  by  the  indeterminancy  of  load  distribution. 
The  writer  uses  graphic  analysis  and  "equivalent  loads"  on  design  of 
new  structures,  but  believes  that  for  old  structures  the  analytical  (so- 
called)    determination   is  preferable. 

Unit  stresses  must  be  kept  below  the  elastic  limit  even  for  the  most 
occasional  loads  after  liberal  allowance  for  impact  has  been  made.  In 
determining  allowable  unit  stresses,  knowledge  of  the  composition  and 
molecular  structure  of  the  metal  will  often  provide  data  of  great  value. 
It  is  often  possible  to  get  samples  for  analysis  and  micro-examination. 
This  must,  of  course,  be  done  intelligently  to  be  of  value,  and  sound 
judgment  is  needed  to  determine  when  the  expense  of  such  testing  will 
be  warranted.  A  soft,  fibrous,  homogeneous  material  can  safely  be  al- 
lowed to  carry  loads  close  to  its  probable  elastic  limit,  whereas  a  crystal- 
line, hard  or  streaky  specimen  should  have  a  good  margin.  Sulphur  and 
phosphorus  in  any  considerable  quantity  subject  a  specimen  to  serious 
suspicion.  Manganese,  on  the  contrary,  is  an  element  of  safety  if  not 
grossly  in   excess. 

Rivets  are  the  most  unsatisfactory  and  indeterminate  element  in  the 
structure.  Only  one  who  saw  them  driven  can  properly  judge  them.  The 
hammer  and  touch  test  is  useful  but  not  certain.  The  writer  has  seen 
five-eighths  rivets  put  into  seven-eighths  holes  and  headed  to  give  perfect 
appearing  heads,  and  they  were  tight.  The  hammer  was  defeated  as  a 
test.  The  inspector  was  not  known  to  the  gang  and  happened  to  see 
the  trick  done.  Most  of  the  rivets  in  the  truss  in  question  were  planned 
of  the  small  size,  so  the  danger  of  nondiscovery  was  real.  Many,  if  not 
most,  old  bridges  were  built  without  inspection.  What  wonder  that 
we  need  to  examine  rivets  with  care.  The  writer  has  also  seen  (not 
on  his  own  work)  rivets  drawn  down  to  enter  a  badly  matched  hole. 
With  full-size  heads  both  sides,  this  fault  is  undiscoverable.  After  all 
tests  are  applied  it  is,  with  old  bridges,  a  matter  of  faith  and  careful 
examination  for  evidence  of  movement  in  the  joint.  It  will  surely  move 
before  it  fails,  and  proper  inspection  will  detect  danger  before  it  becomes 
imminent.  Rivets  rarely  fail  in  shear.  They  are  safe  in  most  cases  up 
to  unit  stress  seven-tenths  of  tensile  elastic  limit,  or  even  more,  if  shop 
work  is  first  class.  The  bearing  or  crippling  unit  stress  can  run  much 
higher,  nearly  to  the  ultimate  strength  of  the  iron.  The  writer  knows 
of  bridge  girders  in  service  up  to  within  a  few  ye.nrs,  the  rivets  in  which, 
figured  by  the  usual  methods,  were  carrying  pressures  25  per  cent,  in  ex- 
cess of  the  probable  ultimate  compressive  strength  of  the  iron.  The  shop 
work  was  extra  good,  iron  well  fitted  and  friction  well  developed.  There 
never  was  the  slightest  sign  of  distress.  In  such  cases  the  writer  has 
always  considered  high-bearing  stress  on  rivets  rather  a  suspicious  than 
a  positive  indication.     Such  structures  should  be  watched. 
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The  floors  of  iron  and  steel  bridges  need  as  careful  examination  as 
the  main  girders.  The  old  way  (still  current)  of  using  two  layers  of 
plank  on  highway  bridges  is  pernicious  in  many  places.  The  lower  plank 
decays,  the  upper  wears  or  decays.  On  city  bridges,  which  require  a 
new  layer  of  wearing  plank  every  six  months  or  oftener,  the  double 
plank  is  economical  and  safe,  as  the  frequent  renewals  of  wearing  plank 
allow  effective  inspection.  On  town  and  country  bridges  the  upper  layer 
decays  rather  than  wears,  and  the  writer  has  usually  found  the  lower 
plank  in  decidedly  unsatisfactory  condition,  entirely  unfit  to  discharge 
its  proper  function,  the  carrying  of  the  loads  to  the  stringers.  The 
writer  considers  all  such  floors  subject  to  suspicion  and  has  usually 
recommended  their  replacement  with  a  single  layer  of  plank  usually 
'thicker  than  the  original  bottom  layer.  Four-inch  plank  is  heavy  enough 
in  most  cases  and  leaves  the  floor  determinate. 

Wooden  bridges  often  surprise  us  by  their  capacity  for  carrying  over* 
loads,  not  safely,  but  -nevertheless  successfully  in  many  instances. 

The  construction  of  electric  railways  often  proves  the  limiting  feature 
of  wooden  highway  bridges,  and  it  may  well  happen  that  the  distribution 
of  material  and  the  moving  of  machinery  imposes  a  greater  strain  on  the 
bridge  than  the  operation  of  the  cars.  These  loads  being  rare  and  the 
cars  frequent,  it  may  still  prove  to  be  the  cars  that  make  necessary  the 
renewal  of  the  bridge. 

City  bridges  are  more  often  of  iron  than  country  bridges  and  are 
subject  to  corrosion  in  concealed  places;  country  bridges  when  of  iron 
often  lack  paint  and  corrode  in  exposed  places. 

Wooden  stringer  bridges  usually  show  most  decay  in  the  middle  of 
tops  of  stringers.  The  writer  considers  such  decay  usually  not  a  cause 
for  renewal  until  it  extends  far  enough'  to  cause  spreading  or  local  crush- 
ing of  the  stringer.  This  principle  does  not  hold  for  concentrated  loads 
or  bearings  on  wall  plates.     These  must  be  sound. 

Timber  protected  from  weather  is  subject  to  a  form  of  deterioration 
quite  distinct  from  decay.  Builders  would  say,  it  has  lost  its  "life,"  it 
becomes  soft  and  punky,  the  grain  does  not  separate  properly.  Such 
timber   should  be   replaced. 

Timbers  of  different  species  often  destroy  each  other.  A  Howe 
truss  with  pine  or  spruce  posts  (struts)  and  oak  angle  blocks  has  been 
known  to  retain  a  mere  shell  of  sound  timber  in  the  braces,  the  interior 
near  the  ends  being  like  cheese.  Only  the  auger  intelligently  used  will 
detect  this  form  of  decay.  Truss  chords  near  oak  clamps  and  keys  will 
bear  close  examination.  A  chord  failure  usually  means  business  for 
the  wrecking  train.  Counters  sometimes  break  short  off;  they  need  at- 
tention, especially  when  old. 

There  are  often  economic  reasons,  and  political  as  well,  which  finally 
prove  most  important  factors  in  the  determination  of  time  of  replacement. 
With  highways  the  political  predominates,  with  railways  usually  the 
economic 
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It  is  commonly  but  incorrectly  believed  that  railways  keep  their  struc- 
tures up  to  the  requirements  of  their  heaviest  rolling  stock.  As  most 
of  our  railways,  in  the  East,  at  least,  were  built  some  time  ago,  it  will 
readily  be  seen  that  there  must  be  many  antiquated  structures  to  limit 
the  allowed  traffic.  The  better  the  structure  originally  was,  the  more 
li^cely  it  is  to  be  or  become  a  limiting  feature  of  the  road. 

Most  railroads,  if  not  all, — the  writer  recalls  no  exceptions, — publish 
a  schedule  for  the  use  of  freight  shipping  agents,  showing  allowed  loads 
for  each  line  between  junctions  or  important  stations.  Any  load  offered 
in  excess  of  these  allowed  loads  is  either  reloaded  to  give  lower  wheel 
loads,  or  sent  by  a  slightly  different  route.  This  means  that  for  each 
line  between  such  points  there  may  be  one  or  more  structures,  the  strength 
of  which  limits  the  safe  load.  In  case  the  line  has  been  in  existence  for 
some  years  it  usually  is  the  case  that  there  are  several  such  structures, 
or  in  case  the  line  was  built  by  promoters,  as  is  often  the  case,  all  the 
structures  are  equally  light.  It  may  well  be  that  they  are  as  good  as 
new,  only  weak.  If  the  traffic  on  such  line  is  net  too  heavy  or  if  the 
line  is  not  part  of  a  main  trunk  line,  it  will  manifestly  not  pay  to  rebuild 
one  or  all  the  bridges,  but  the  loads  will  be  limited.  Of  course,  there 
is  also  a  similar  schedule  for  operating  and  motive  power  officials,  show- 
ing limits  for  locomotives. 

If,  on  the  other  hand,  a  single  bridge  limits  the  traffic,  it  becomes 
purely  an  economic  problem  to  work  out  the  advantage  to  be  gained  by 
its  replacement. 

In  case  the  completion  of  a  new  connecting  line  opens  up  a  new 
trunk  line,  or  even  an  alternating  line  to  be  used  as  a  trunk  line  in  case  of 
wreck  or  emergency,  it  may  be  the  wisest  course  to  replace  the  many 
structures.  It  may  happen  not  to  be  a  bridge  that  lim.its  the  line,  but 
a  turntable  at  a  critical  point,  an  ash  pit,  a  roundhouse,  a  station  with 
covered  train  shed;  any  of  these  or  other  conditions  may  limit  the  weight 
or  size  of  locomotives  and  render  unwise,  that  is,  uneconomical,  the  re- 
placement of  other  structures,  weak  but  sound  and  in  good  condition  and 
sufficient  for  the  traffic  as  limited. 

On  branch  lines  it  is  nearly  always  an  economic  problem  and  may 
be  political  as  well. 

Perhaps  some  much  desired  industry  needs  facilities  for  handling 
heavy  loads. 

The  near  expiration  of  a  lease  may  render  it  very  unprofitable  to 
rebuild  a  structure,  even  at  the  alternative  of  excessive  repair  charges. 

On  main  lines  it  is  sometimes  needful  to  run  heavy  trains  for  ad- 
vertising purposes  even  at  an  economic  loss.  Many  structures  are  rebuilt 
for  this  reason  long  before  weaker  structures  on  branch  lines  are  even 
strengthened. 

It  will  thus  be  seen  that  economic  or  business  or  even  political  con- 
siderations may  take  precedence  of  strictly  engineering  or  constructive 
problems,  in  determining  time  of  replacement  of  structures. 
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After  replacement  is  determined  upon,  there  is  still  a  chance  for  eco- 
nomic errors  of  design  which  will  make  trouble  later.  A  line  good  for 
only  say  120,000  pounds  on  account  of  structures  in  first-class  condition 
but  of  weak  design,  would  not  be  entitled  to  200,000-pound  structure 
unless  the  latter  are  to  outlive  the  former,  and  unless  the  future  cost  of 
strengthening  will  considerably  exceed  the  present  cost  enough  to  pay 
the  interest  at  least.  A  structure  near  the  end  of  a  weak  division  ad- 
jacent on  one  stronger  may  well  be  made  equal  to  the  stronger  division. 
In  any  case  the   economic  problem   should   be   worked  out. 

Since  beginning  the  above  a  paper  has  been  presented  at  the  1906 
September  meeting  of  the  American  Society  of  Civil  Engineers  and  ab- 
stracted in  Engineering  News,  August  23,  in  which  the  author,  Mr.  W.  J. 
Watson,  of  the  Osborn  Engineering  Company,  covers  similar  ground  to 
the  above.  An  editorial  in  Engineering  News  in  September  also  attacks 
the  same  problem.  It  will  be  seen  that  the  present  writer  has  ideas  some- 
what at  variance  with  those  expressed  by  Mr.  Watson  and  the  editor. 
This  is,  no  doubt,  partly  due  to  a  different  set  of  conditions,  and  partly 
to  the  inevitable  difference  of  opinion  between  different  individuals. 
Where  such  differences  exist  the  writer  sees  no  occasion  to  change  his 
former  conclusions. 

DISCUSSION. 

Mr.  J.  P.  Snow  (by  letter). — The  subject  of  the  paper  is  one 
of  vital  interest  and  importance  to  all  railroad  men.  Much  has  been 
written  upon  it,  and  it  is  one  of  the  subjects  now  being  particularly  studied 
by  a  committee  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association. 

In  addition  to  the  paper  by  Mr.  Watson,  cited  by  the  author,  the  fol- 
lowing may  be  named :  A  paper  by  A.  J.  Himes,  in  Bulletin  80,  October, 
1906,  American  Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion, which  contains  references  to  several  papers  and  articles  besides  that 
of  Mr.  Watson ;  a  paper  by  Wm.  Marriott  on  strengthening  early  iron 
bridges,  and  the  Austrian  Railway  Ministerial  Order  of  August  28,  1904, 
concerning  new  and  old  bridges,  both  of  which  are  in  Bulletin  4,  April, 
1906,  vol.  XX,  of  the  International  Railway  Congress;  and  a  paper  by 
J.  E.  Greiner  on  the  "Life  of  Iron  Railroad  Bridges"  in  Transactions 
American  Society  Civil  Engineers,  vol.  xxxiv,  page  294.  A  paper  by 
Mr.  C.  D.  Purdon  in  the  Journal  of  Engineering  Societies,  vol.  xxxiii, 
page  325,  gives  a  method  of  classifying  locomotives  as  to  their  effect  on 
bridges,  together  with  a  sample  schedule  of  bridges,  which  shows  at  a 
glance  the  approximate  maximum  strain  on  every  bridge  under  any  loco- 
motive that  has  been  classified. 

I  agree  entirely  with  the  author  that  much  depends  on  field  examina- 
tion in  determining  whether  a  bridge  should  be  retained,  strengthened 
or  rebuilt  for  existing  traffic.  A  table  for  each  structure,  showing  the 
maximum  unit  strain  in  its  various  parts,  should  be  in  hand  when  such 
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examinations  are  made.  Rivets  especially  are  to  be  judged  almost  wholly 
by  their  action  in  service.  Much  has  been  written  about  allowable  shear 
and  bearing  strains,  dependence  upon  friction,  etc. ;  and,  of  course,  high 
units  are  proper  signals  for  examination,  but  if  they  keep  tight  they  can 
be  trusted.  As  the  author  says,  they  rarely  fail  by  shear ;  they  will  show 
their  weakness  by  becoming  loose  long  before  they  will  fail. 

Timber  bridges  show  distress  much  more  plainly  than  those  of  metal, 
but  the  latter  can  be  so  examined  as  to  show  signs  of  weakness  long  be- 
fore failure  need  be  feared  under  existing  traffic. 

The  principal  difficulty  that  confronts  an  engineer  responsible  for 
bridges  arises  from  the  desire  to  increase  the  loading  on  old  bridges.  In 
this  case  he  must  judge  what  will  be  probably  reasonably  safe  from  the 
computed  unit  strains.  He  has  much  to  guide  him  by  a  study  of  the 
structures  that  show  weakness  under  existing  loads,  but  no  fixed  rule 
can  be  assumed,  because  no  two  structures  behave  exactly  alike.  My  ex- 
perience has  brought  me  to  the  conclusions  expressed  in  this  and  the 
following  paragraph.  They  are  the  basis  of  my  practice  in  handling  old 
bridges,  but  I  should  not  wish  others  to  follow  these  rules  literally,  be- 
cause in  every  case  judgment  based  on  the  action  of  the  structure  in 
question  under  load  must  temper  the  said  rules.  Pin  trusses  built  30 
years  ago  will  not  bear  the  unit  strains  that  riveted  trusses  of  the  same 
age  will;  and  of  the  latter,  a  pony  truss  will  bear  higher  strains  than  a 
deep  through  truss.  This  latter  is  contrary  to  the  teaching  of  many  engi- 
neers, but  experience  proves  it  to  my  mind.  Plate  girders  merit  the 
confidence  that  all  repose  in  them;  but  riveted  pony  trusses  behave,  with 
me,  just  as  satisfactorily.  The  only  way  that  I  have  known  plate  girders 
to  fail  has"  been  by  the  top  flange  getting  loose  on  the  web  in  deck  struc- 
tures. This  is  due  to  wheel  loads  rather  than  to  fliange  strain ;  they 
become  loose  near  the  center  of  span  as  generally  as  at  the  ends.  The 
allowed  unit  strain  may  well  be  25  per  cent,  higher  in  the  one  type  of 
bridge  named  above  than  in  the  other.  Within  limits,  also,  quite  short 
spans,  say  below  20  ft,  may  be  allowed  to  carry  higher  strains  than 
longer  ones.  This  with  loads  figured  as  static.  I  realize  that  this  is 
another  case  of  heresy,  but  I  am  sure  it  is  true.  The  reason  may  be  that 
the  frame  of  the  engine  assists  the  bridge,  or  that  the  running  rail  helps 
it  out,  but  the  fact  remains  that  at  5  ft.  any  old  stringer  will  do,  even  if 
it  figures  above  the  breaking  strain. 

Our  author  does  not  fix  upon  an  allowable  unit  straiiu  It  is  delicate 
ground,  but  without  some  basis  for  discussion  no  definite  result  can  be 
reached.  The  unit  strain  and  the  impact  allowance,  as  it  is  generally 
called,  are  balanced  factors,  and  no  intelligent  consideration  of  the  matter 
can  be  reached  without  treating  them  simultaneously.  Again,  in  making 
impact  allowance,  the  question  of  speed  must  be  taken  into  account.  Ordi- 
nary railroad  traffic  at  speeds  below  20  miles  per  hr.  may  be  considered 
as  static.  At  60  miles  the  allowable  unit  should  be  decreased  25  per  cent, 
or  the  load  increased  33  per  cent.,  if  a  constant  unit  is  used,  on  ordinary 
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types  of  loo  ft.  span  and  less.  With  these  features  in  mind,  the  ordinary 
units  used  in  designing  may  be  doubled  before  a  bridge  need  be  con- 
demned for  high  strains.  This  is  a  broad  rule ;  its  application  needs  to 
be  varied  to  lit  each  individual  case. 

There  is  a  wide  difference  of  opinion  among  laymen,  and  quite  a  little 
among  engineers,  as  to  whether  a  bridge  is  suitable  for  given  loads.  This 
difference  covers  all  the  ground  between  not  exceeding  the  load  for  which 
the  bridge  was  designed  and  the  idea  that  this  load  can  be  multiplied  by 
the  ratio  of  the  ultimate  strength  to  the  unit  strain  used  in  the  design 
(the  so-called  factor  of  safety)  before  the  bridge  will  fail.  Both  these 
views  are  manifestly  extreme.  The  first  would  seem  to  claim  that  if 
bridges  will  carry  safely  more  load  than  that  for  which  they  were  de- 
signed they  are  thereby  proved  to  be  unnecessarily  heavy.  We  sometimes 
hear  it  said  that  they  are  purposely  made  over-strong  to  provide  for  future 
increase  of  loads,  but  if  we  ask  just  how  much  overload  is  provided  for 
the  answer  is  indefinite.  If  we  expect  a  certain  overload  we  ought  to 
take  that  load  as  our  weight  to  start  the  design  with.  The  fact  is  we 
do  not  design  our  structures  to  just  carry  the  prescribed  load  with  safety 
and  not  break  down,  but  to  carry  it  satisfactorily;  and  every  increase  of 
the  prescribed  load  will  decrease  the  satisfactory  working  of  the  bridge. 
The  vibration  and  deflection  will  increase  under  increased  loads  and  more 
frequent  repairs  will  be  called  for  until  the  load  is  such  that  the  strains 
in  first  class  riveted  work  are  about  twice  what  were  used  in  the  design, 
when  the  action  of  the  bridge  will  generally  become  so  unsatisfactory  that 
its  renewal  will  be  welcomed  by  all.  Multiplying  the  original  load  by 
the  so-called  factor  of  safety  cannot  be  done  on  account  of  unequal  dis- 
tribution of  strains,  imperfect  material  and  rough  workmanship. 

Of  course  deterioration  is  a  live  fact  in  condemning  bridges.  The 
author  covers  that  feature  fully.  Modern  structural  steel  corrodes  with 
alarming  rapidity.  Why  it  should  corrode  so  much  faster  than  wrought 
iron  is  being  studied  by  a  committee  of  the  American  Society  for  Test- 
ing Materials.  The  question  of  molecular  change  (crystallization)  is  not 
talked  about  so  much  now  as  formerly.  If  badly  overstrained,  say  about 
three  times  the  allowable  unit,  iron  will  get  brittle ;  but  most  of  the  brittle 
material  found  accidently  in  service  was  just  as  brittle  when  put  in  as 
when  found. 

The  celebrated  paper  by  Mr.  Watson,  referred  to  by  the  author,  ad- 
vocates the  Pritchard  formula  for  impact  when  investigating  old  struc- 
tures. A  comparison  of  this  formula  with  others  is  given  in  the  annual 
proceedings  of  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association,  vol.  vi  (1905),  page  257.  That  comparison  shows  that 
for  ordinary  tie-floor  single-track  railroad  bridges  there  is  but  little  dif- 
ference in  the  final  results  between  the  Pritchard,  the  Schneider  and  the 
Cain  formulas.  For  double-track  trusses  and  floor  beams  the  Schneider 
formula  gives  more  reasonable  results  than  the  others,  while  for  ballast 
floor  bridges  the  opposite  may  be  true. 
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These  fornmlas  were  designed  for  use  in  proportioning  new  bridges 
and  they  provide  very  liberally  for  the  impact  of  moving  trains  as  well 
as  for  secondary  strains  due  to  non-symmetrical  connections.  If  applied 
in  analyzing  old  bridges  a  unit  strain  of  at  least  2S,cx)0  should  be  used 
and  then  many  short  bridges  will  be  ruled  out  that  are  entirely  adequate 
for  the  desired  service.  It  must  be  remembered  that  these  formulas  pro- 
vide for  speeds  of  60  miles  per  hr.  or  over,  and  if  slower  speeds  obtain, 
the  impact  addition  may  be  less.  I  prefer  computations  on  a  static  basis 
and  unit  strains  varying  from  15,000  to  20,000  according  to  judgment. 

Timber  stringers,  if  fairly  sound,  will  not  fail  at  2,400  fiber  strain.' 
In  tension  or  compression,  however,  timber  will  not  generally  safely  carry 
this  stra::i.  In  this  case  it  becomes  a  matter  of  side  support  and  end 
connections  which  in  timber  trusses  are  generally  very  faulty. 

ConcernJng  the  deterioration  of  timber,  the  author's  remarks  accord 
with  my  experience.  A  feature  not  touched  upon  by  him  is  the  fact  of 
greater  durability  of  timber  in  cold  climates  than  in  warm.  Altitude  is 
equivalent  to  higher  latitude  in  this  respect,  and  the  difference  in  the  life 
of  exposed  timber  is  very  marked  between  the  latitudes  of  Boston  and 
Montpelier,  and  between  the  altitude  of  Boston  and  Ashburnham, 
Mass.  The  difference  in  the  life  of  Southern  long  leaf  pine  is  fully 
three  years   at  the   points   named. 

Mr.  J.  R.  Worcester  (by  letter).— Mr.  Higgins  has  chosen  a  subject 
of  great  importance,  and  his  treatment  of  the  question  is,  in  the  main, 
entirely  satisfsctorj'.  There  are  one  or  two  points,  however,  upon  which 
he  is  not  quite  so  specific  in  his  recommendations  as  might  be  desired. 

He  states  that  unit  strains  in  metallic  structures  should  never  be 
allowed  to  reach  the  elastic  limit  of  the  metal.  In  this  there  can  be  no 
doubt  that  all  engineers  will  agree,  but  are  we  to  assume  that,  if  the 
strains  do  not  reach  the  elastic  limit,  he  would  pass  the  structure  as  safe? 
In  other  words,  would  he  allow  a  tensile  strain  in  a  main  member  of 
steel  of  30,000  lb.  per  sq.  in.? 

Mr.  J.  E.  Greiner,  assistant  chief  engineer  of  the  Baltimore  &  Ohio 
R.  R.,  in  a  discussion  of  the  subject  for  the  Committee  on  Iron  and  Steel 
Structures  of  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association,  has  recently  presented  a  convincing  argument  against 
allowing  any  higher  strains  in  old  structures,  in  which  there  exist  un- 
certainties as  to  the  nature  of  material  as  well  as  perhaps  imperfectly 
designed  details,  than  would  be  allowed  in  new  structures,  properly  de- 
signed and  built  of  carefully  inspected  material.  As  against  this,  of 
course,  we  may  say  that  in  designing  new  structures  we  advisedly  use 
lower  strains  than  we  know  to  be  safe,  for  the  very  purpose  of  providing 
for  an  unknown  future  increase  of  live  load.  It  is,  however,  an  illogical 
method  of  making  this  provision.  When  modern  specifications  are  tend- 
ing more  and  more  toward  the  method  of  reducing  all  possible  strains, 
including  impact,  to  an  equivalent  static  strain,  and  using  for  the  unit 
strain   a   flat   unit  supposed   to  be  correct  for  a   static  load,   we  should 
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logically,  if  we  want  to  provide  for  an  increase  in  future  loading,  make 
the  desired  provision  by  an  increase  in  the  assumed  live  load.         '    . 

The  general  practice  at  the  present  tim.e,  both  for  railway  and  high- 
ivay  bridges,  as  well  as  for  other  structures,  is  to  use  a  unit  strain  of 
about  one-half  the  elastic  lim.it  of  the  material.  This  factor  is  con- 
sidered correct  in  places  where  the  load  assumed  is  an  absolute  maximum, 
as,  for  instance,  where  it  consists  of  a  definitely  determ.ifced  dead  load 
only.  There  is  reason  enough  for  allowing  this  factor  on  account  of 
possible  irregularity  in  the  metal  and  internal  stresses  due  to  imperfec- 
tion of  details.  Can  it  be  said  that  these  elements  are  less  likely  to  be 
present  in  old  structures  than  in  new?    Manifestly  not. 

The  only  excuse  for  allowing  this  factor  to  be  reduced  in  an  old 
structure  would  be  that  by  careful  watching  it  might  be  safe  to  rely  upon 
distress  becoming  apparent  before  an  accident  could  result.  This  would 
seem  to  be  a  doubtful  dependence  unless  an  almost  daily  cdreful  inspec- 
tion were  made,  which  would  be  well-nigh  impossible. 

It  is  to  be  hoped  that  the  author  will  give  us  more  specifically  his 
views  upon  this  point. 

The  author  tells  us  that  the  hammer  is  not  a  sure  guide  in  the  de- 
tection of  overstrained  rivets.  The  writer  agrees  so  far  as  to  admit  that 
no  examination  of  a  structure  without  calculation  of  strains  is  as  safe 
as  careful  analysis.  At  the  same  time  the  writer  has  always  held  the 
opinion  that  a  rivet  which  was  really  tight  under  the  hammer  was  doing 
its  work,  and  that  it  would  give  evidence  of  weakness,  by  becoming  loose, 
before  it  would  fail.  It  is  undoubtedly  true  that  many  rivets,  if  not  all, 
do  their  work  solely  by  clamping  the  parts  together  so  strongly 
that  motion  is  prevented  by  friction,  even  though  the  shank  does 
not  bear  on  either  side.  This  condition  is  perfectly  normal,  and  so  long 
as  the  friction  is  sufficient,  is  ideal.  The  time  will  come,  in  the  writer's 
opinion,  when  rivets  will  be  figured  by  friction,  which  bears  a  constant 
relation  to  the  shearing  strength,  rather  than  by  bearing  and  shear,  which 
never  are  called  into  play  until  the  joint  slips  to  some  extent.  Even  when 
the  joint  has  slipped,  and  the  bearing  and  shear  come  into  action,  if  the 
rivet  remains  tight,  it  cannot  have  been  seriously  overstrained.  If  the 
author  has  seen  cases  where  rivets  ringing  tight  have  failed  in  service,  it 
would  be  instructive  if  he  would  describe  the  circumstances. 

The  author's  fears  with  regard  to  the  future  of  reinforced  concrete 
bridges  do  not  appear  to  be  well-grounded  if  we  may  judge  by  analogy 
with  reinforced  concrete  beams  and  slabs.  In  one  respect,  at  least,  there 
is  an  element  of  safety  in  all  concrete  structures  not  existing  in  stone 
and  brick.  That  is,  the  growth  in  strength  that  occurs  in  this  material 
with  age.  It  seems  probable  that  where  the  determining  strain  is  pure 
compression,  this  increase  in  strength  ought  to  go  far  towards  taking  care 
of  the  increase  in  live  loads  for  a  very  considerable  period.  On  the  other 
hand,  the  addition  of  a  tensile  strength  at  the  critical  points  of  an  arch, 
even  though  the  exact  amount  or  nature  of  the  reinforcement  is  uncer- 
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tain,  should  contribute  a  certain  ductility  above  the  elastic  limit  not 
possessed  by  voussoir  masonry.  It  is  well  known  that  beams  or  slabs  of 
reinforced  concrete  will  often  deflect  to  one-thirtieth  or  one-twentieth  of 
their  span  before  failure,  while  cracks  may  open  almost  enough  to  allow 
the  reinforcement  to  be  measured.  These  circumstances  certainly  ought 
not  to  be  considered  as  adding  anything  to  the  hazard. 

Prof.  George  F.  Swain : — I  have  listened  with  much  interest  to  the 
paper  by  Mr.  Higgins  and  to  the  discussions  which  have  been  read  by  the 
secretary.  They  bring  out  many  interesting  points.  My  own  feeling  is 
that  the  inspection  and  replacing  of  old  structures  demand  a  very  high 
degree  of  judgment  and  experience  on  the  part  of  the  engineer.  His 
attitude  of  mind  must  be  quite  different  from  that  of  the  designing  engi- 
neer, who  merely  has  a  set  of  specifications  to  go  by  and  makes  his  struc- 
ture strong  enough  so  that  it  will  be  sure  to  carry  its  load  safely.  The 
engineer  who  has  to  consider  an  old  structure  must  be  able  to  judge  of 
the  faults  of  the  original  design,  to  estimate  their  effect,  to  recognize 
signs  of  incipient  failure  and  to  judge  of  their  seriousness;  and  it  is  fre- 
quently a  matter  of  great  importance  to  his  company  whether  he  is  willing 
to  allow  a  structure  to  remain  or  whether  he  condemns  it.  It  is  very 
easy  to  condemn  a  structure,  but  it  is  sometimes  difficult  to  recognize 
that  it  is  safe  in  spite  of  defects  or  weakness.  The  opinion  of  the  writer 
was  asked  not  long  ago  with  reference  to  the  renewal  of  a  large  and 
important  bridge.  It  was  weak  in  some  parts  and  much  lighter  than 
would  be  built  at  the  present  time,  but  the  writer  satisfied  himself  that 
it  was  safe  and  reported  to  the  company  that  it  need  not  be  renewed  at 
the  time  when  his  opinion  was  asked.  The  money  which  Avould  other- 
wise have  been  required  for  its  construction  was  used  in  a  way  where 
it  was  greatly  needed  and  the  bridge  continued  to  carry  its  load  until  a 
later  date,  when  it  was  found  more  convenient  to  renew  it. 

In  judging  of  old  structures,  the  engineer  will  be  assisted  by  re- 
membering two  facts:  First,  that  the  engineer  is  aided  by  nature;  and 
second,  that  many  things  help  support  a  structure  which  are  not  allowed 
for  in  the  usual  computations. 

With  reference  to  the  first  of  these,  a  structure  will  stand  up  if  it 
is  a  physical  possibility  for  it  to  do  so;  that  is  to  say,  if  a  condition  of 
stress  is  possible  which  is  consistent  with  the  physical  conditions  and  the 
conditions  of  equilibrium.  The  yielding  of  one  piece  will  throw  the  stress 
elsewhere.  Even  the  failure  of  a  piece  usually  considered  necessary  does 
not  always  mean  the  destruction  of  the  structure. 

With  reference  to  the  second  point :  In  short  wooden  stringer  spans, 
for  instance,  while  we  consider  the  load  to  be  carried  by  the  stringers 
under  the  rails  in  reality  there  are,  in  addition,  as  a  rule,  guard  timbers, 
two  track  rails,  frequently  two  guard  rails  and  frequently  side  stringers. 
Many  short  spans  would  stand  with  perfect  safety  if  the  stringers  under 
the  rails  were  entirely  removed.  Then,  again,  friction  is  an  element  which 
frequently  helps.     In  wooden  trusses  it  is  often  the  factor  which  really 
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causes  the  truss  to  stand  up.  In  riveted  structures  the  friction  on  the 
rivets,  usually  neglected,  may  be  sufficient  to  carry  the  entire  stress  on 
the  rivets.  The  writer  does  not,  however,  agree  with  Mr.  Worcester  in 
believing  that  it  would  be  proper  to  allow  for  this  friction,  since  it  is  an 
essentially  uncertain  quantity,  while  the  strength  of  the  rivet  is  a  positive 
quantity.  Again,  we  allow  for  the  nominal  diameter  of  the  rivet  while 
in  reality  the  rivet  is  about  14  in.  larger.  With  a  ^-in.  rivet,  this  alone 
gives  an  .increase  in  strength  of  about  15  per  cent.  Another  practice  of 
many  engineers  in  not  allowing  for  the  action  of  the  web  of  a  plate  girder 
in  carrying  the  moment  is  an  incorrect  assujnption  on  the  safe  side,  like 
many  others  frequently  made.  In  all  of  these  ways  many  structures  are 
really  much  stronger  than  tfiey  are  computed  to  be. 

It  has  been  the  writer's  practice  to  allow  the  stress  in  the  main  mem- 
ber of  a  structure,  making  in  some  cases  some  allowance  for  impact,  to 
reach  about  three-fourths  of  the  elastic  limit  before  considering  the  struc- 
ture to  have  reached  the  danger  line.  No  definite  rule,  however,  can  be 
laid  down,  as  varying  circumstances  must  be  taken  into  account. 

The  writer  believes,  in  the  case  of  steel  structures,  that  the  principal 
cause  of  renewals  is  defects  in  design  and  not  overstraining  of  the  main 
parts.  The  loads  to  be  carried  by  railroad  bridges  have  increased  very 
much  in  the  past  30  years  and  yet  there  are  m.any  well-designed  railroad 
bridges  built  30  years  ago  which  are  still  in  existence  and  carrying  these 
increased  loads  with  perfect  safety.  On  the  other  hand,  some  structures 
15  years  old  or  less  have  had  to  be  renewed  on  account  of  defects  in  de- 
sign, although  the  increase  in  weight  of  rolling  stock  has  been  compara- 
tively small.  A  great  deal  of  money  has  been  wasted  for  our  railroad 
corporations  by  improper  design. 

Coming  to  specific  defects,  the  writer  would  like  to  say  a  few  words 
in  favor  of  the  reliability  of  hard  pine  as  a  structural  material.  He  has 
always  found  that  after  some  years'  service  hard  pine  looks  much  worse 
than  it  is.  The  sap  decays,  but  the  interior  of  the  stick  not  more  than 
]/2  in.  to  I  in.  from  the  outside  is  generally  perfectly  sound.  White  pine, 
on  the  contrary,  he  has  not  infrequently  found  unreliable  and  subject  to 
dry  rot.  Many,  if  not  most,  of  the  wooden  trusses  built  30  to  50  years 
ago,  in  this  part  of  the  country,  at  least,  were  built  of  white  pine.  The 
writer  remembers  one  occasion  in  which  he  discovered  by  use  of  the  auger 
that  three  out  of  four  sticks  in  a  lower  chord  of  such  a  truss  were  mere 
shells.  In  the  examination  of  wooden  trusses  he  has  found  that  while 
the  auger  is,  of  course,  the  most  useful  instrument,  the  sound  under  a 
hammer,  and  even  the  color  of  the  wood,  are  sometimes  valuable  and 
reliable  indications. 

The  writer  knows  of  no  reliable  means  of  ascertaining  whether  the 
vertical  members  of  a  Howe  truss  are  equally  stressed,  unless  they  hap- 
pen to  be  of  equal  size  and  of  the  same  free  length,  in  which  case  the 
sound  under  the  hammer  will  be  a  good  indication  If  the  sizes  of  the 
bars  in  one  member  are  different,  or  if  they  have  not  the  same  free  length. 
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the  sound  will,  of  course,  be  no  indication  at  all.     The  writer  believes 
that  such  bars  are  often  very  unequally  stressed. 

With  reference  to  steel  structures,  the  writer  would  refer  to  a  few 
defects  in  design.  One  of  these  about  which  he  has  said  a  good  deal  in 
the  past  is  found  in  riveted  structures  and  consists  in  not  bringing  to-  ' 
gether  the  members  at  one  joint  so  that  the  center  of  gravity  lines  inter- 
sect at  a  point,  or  as  nearly  so  as  practicable.  The  secondary  stresses  due 
to  a  violation  of  this  rule  are  sometimes  exceedingly  large.  Eccentric  con- 
nections, in  which  the  center  of  gravity  of  the  rivets  which  take  the 
stress  out  of  a  piece  does  not  lie  in  the  center  of  gravity  line  of  the  piece, 
also  cause  large  secondary  stresses.  Sometimes  these  may  be  computed 
in  a  simple  way  and  with  a  fair  degree  of  accuracy,  and  it  is  not  uncom- 
mon to  find  designs  in  which  the  actual  stress  in  some  of  the  connections 
is  three  to  five  times  that  which  is  supposed  to  exist.  Such  cases  have 
not  been  infrequent  in  the  experience  of  the  writer. 

Another  defect  which  the  writer  has  met  with  is  in  proportioning 
the  web  of  the  plate  girders  too  thin,  due  to  an  apparent  failure  to  reahze 
that  the  web  acts  as  a  column.  In  some  plate  girders  a  slight  motion  of 
the  web  may  be  discerned  as  the  train  passes  over.  The  writer  knows  of 
many  cases  in  which  it  has  proved  desirable  to  add  stiffeners.  A  thin 
web,  of  course,  is  also  objectionable  in  reducing  the  bearing  value  of  the 
flange  rivets,  a  matter  which  has  been  alluded  to  by  Mr.  Snow. 

Another  matter  which  the  writer  has  frequently  had  occasion  to  ob- 
serve has  reference  to  the  use  of  stiffeners  under  bracket  angles  in  floor 
beams.  The  stringers  which  rest  on  these  brackets  deflect  under  the  load 
and  the  tendency  is  to  concentrate  the  load  which  goes  into  the  floor 
beams  on  the  outer  edge  of  the  bracket  angle.  Unless  properly  stiffened 
or  unless  properly  designed  to  resist  this  bending,  such  brackets  are  liable 
to  fracture.  This  sometimes  takes  place  at  the  inside  of  the  horizontal 
leg  and  sometimes  at  the  upper  portion  of  the  vertical  leg.  It  is  singular 
that  so  many  brackets  should  have  been  used  without  any  attention  being 
paid  to  their  design,  and  as  a  result  the  writer  has  found  a  number  of 
instances  in  which  such  brackets  have  been  broken.  Professor  McKibben 
will  give  the  society  some  further  details  with  reference  to  this. 

I  will  only  add  that  in  the  specifications  of  the  railroad  commissioners 
provision  is  made  that  such  brackets  shall  be  stiftened  by  angles  beneath. 
If  not  so  strengthened,  a  minimum  thickness  is  prescribed,  but  stiffening 
is  insisted  upon  wherever  practicable. 

Mr.  Frank  P.  McKibben. — Mr.  Higgins'  interesting  paper  has  touched 
upon  many  points  which  I  hope  will  be  fully  discussed  here  tonight.  The 
question  of  the  distribution  of  loads  upon  highway  bridges  by  the  plank- 
ing which  forms  the  floors  of  such  structures  is  one  which  is  important 
not  only  in  the  study  of  existing  bridges,  but  also  in  the  design  of  new 
ones. 

In  the  design  of  track  stringers  of  highway  bridges  carrying  electric 
cars,    the    stringers    directly    under    the    rails    should    be    computed    to 
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carry  the  entire  loads  from  the  rails  without  relying  upon  the 
planking  to  distribute  the  loads  to  adjoining  stringers.  In  the  study  of 
existing  bridges  of  this  kind  it  is  frequently  necessary,  however,  to  as- 
sume that  the  planking  distributes  the  track  loads  over  a  considerable 
width  of  the  roadway  and  hence  over  several  lines  of  stringers.  If  the 
planking  is  in  good  condition  this  assumption  is  allowable,  but  it  is  diffi- 
cult or  impossible  to  determine  exactly  how  the  loads  are  proportioned 
among  the  various  stringers.  A  very  common  form  of  track  construction 
is  to  have  the  rails  resting  directly  upon  a  lower  layer  of  planking,  which, 
in  turn,  rests  upon  wooden  stringers  spaced  2^/2  ft.  on  centers  with  one 
stringer  directly  under  each  of  the  rails.  In  this  case  the  amount  of  load 
upon  each  of  the  stringers  is  far  from  equal.  Given  an  electric  car  axle- 
load  in  the  center  of  an  ordinary  13-ft.  panel,  with  4-in.  by  14-in.  string- 
ers spaced  as  just  mentioned,  the  rail  resting  on  a  layer  of  continuous 
4-in.  planking,  it  can  be  shown  that  approximately  30  per  cent,  of  the  axle 
load  is  carried  by  each  of  the  stringers  under  the  rails,  26  per  cent,  by 
the  stringer  under  the  center  of  the  track  and  7  per  cent,  by  each  of  the 
two  stringers  just  outside  of  the  rail  stringers.  These  percentages  change 
somewhat  with  changes  in  the  size  of  stringers,  thickness  of  planking,  etc., 
but  are  of  sufficient  accuracy  to  show  that  the  assumption  of  equal  dis- 
tribution is  incorrect.  As  the  weights  of  electric  cars  increase  this  be- 
comes a  matter  of  considerable  importance. 

An  examination  of  existing  highway  bridges  carrying  electric  rail- 
way cars  reveals  one  form  of  construction  which  is  so  prevalent  and  so 
poor  that  it  should  be  emphasized  in  order  that  existing  bridges  having 
this  defect  may  be  strengthened  and  that  the  evil  may  be  avoided  in  future 
construction.  The  practice  to  which  reference  is  made  is  that  of  support- 
ing wooden  stringers  upon  small  steel  shelf  angles  riveted  to  the  webs  of 
floor  beams,  the  shelf  angles  not  being  braced  by  stiffeners  fitted  under 
the  outstanding  legs.  It  is  not  at  all  uncommon  to  find  electric  railway 
tracks  on  highway  bridges  carried  upon  stringers  which  rest  upon  shelf 
angles  as  small  as  3  in.  by  3  in.  by  yi  i"-  Such  angles  are  almost  in- 
variably overstressed,  and  the  writer  has  in  his  possession  broken  shelf 
angles  from  three  different  bridges. 

Let  us  assume  the  following  case  and  investigate  the  shelf  angle. 
Panel  length  13  ft.,  one  stringer  directly  under  each  rail,  each  stringer 
supported  at  each  end  by  one  3  in.  by  3  in.  by  y%  in.  by  15  in.  shelf  angle 
riveted  to  the  floor  beam  web,  two  wheel  loads  of  6,000  lb.  each  on  a 
wheel  base  of  6>^  ft.  These  data  give  a  maximum  live  end  shear  of 
9,000  lb.  on  each  stringer;  say  dead  shear  is  2,000  lb.,  total  11,000  lb.  per 
stringer.  The  shelf  angle  must  carry  this  and  is  subjected  to  a  bending 
which  is  a  maximum  on  horizontal  sections  just  above  the  heads  of  the 
rivets  which  connect  the  shelf  angle  to  the  floor  beam  web.  As  the  loads 
deflect  the  stringer  the  end  shear  of  11,000  lb.  is  at  first  thrown  well 
out  towards  the  outer  edge  of  the  horizontal  leg  of  the  shelf  angle,  but 
as  this   leg  deflects   under  this   load  the   resultant   of  the  pressure  acts 
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nearer  the  vertical  leg  of  the  shelf  angle.  If  the  ii,ooo  lb.  is  assumed  to 
be  uniformly  distributed  over  the  outstanding  leg,  the  maximum  bending 
moment  in  the  shelf  angle  is  11,000  X  i^  =14,400  in. -lb.,  and  the  maxi- 
mum fiber  stress  in  the  angle  is   (neglecting  a  slight  additional  compres- 

14,400  X  6 
sion) ■  =  41,000  lb.  per  sq.  in. 

15XHXH 

Of  course  as  this  angle  receives  this  stress  it  bends  downward  and 
the  stress  is  reduced,  but  that  it  is  highly  overstressed  is  obvious. 

In  many  cases  the  shelf  angle  is  made  continuous  along  the  flooi 
beam  instead  of  being  used  in  short  pieces  under  the  stringers.  This  con- 
tinuous angle  is  somewhat  better  than  the  series  of  short  pieces,  but 
unless  made  very  thick  is  poor  construction. 

Stringers  are  frequently  set  directly  on  the  top  flange  angles  of  floor 
beams  without  any  stififeners  under  them.  This  is  also  a  poor  form,  since 
the  outstanding  leg  of  the  top  flange  angle  is  subjected  to  a  bending  mo- 
ment very  similar  to  that  already  discussed.  These  top  flange  angles  and 
the  shelf  angles  should  be  provided  with  stififeners  properly  fitted  to  the 
outstanding  legs. 

Mr.  L.  S.  Cowles. — The  author's  idea  of  judging  the  fitness  of  an 
old  bridge  from  a  common-sense  point  of  view  rather  than  a  too  theo- 
retical one  seems  to  be  the  sanest  method  to  pursue.  However,  the  mere 
keeping  of  unit  stresses  below  the  elastic  limit  would  hardly  warrant  a 
feeling  of  contentment  for  the  inspecting  engineer  unless  the  stress  were 
well  below,  or  say  under  three-quarters,  of  the  elastic  limit. 

With  regard  to  the  indeterminate  element  of  rivets  in  a  structure,  I 
feel  that  if  a  rivet  is  tight  under  the  hammer  test,  it  must  be  doing  some 
of  its  intended  work,  even  though  it  does  not  fill  the  hole,  or  may  other- 
wise lack  the  requirements  of  a  so-called  first-class  rivet. 

The  most  frequent  overloading  of  city  bridges  seems  to  come  from 
the  ever-increasing  weight  of  the  electric  car,  whether  urban  or  inter- 
urban.  The  main  girders  and  trusses  are  no  doubt  less  likely  to  be  over- 
strained than  the  floor  system,  and  especially  the  connections  of  stringers 
to  floor  beams.  In  old  city  bridges  the  practice  of  supporting  wooden 
stringers  carrying  car  tracks  on  single  unsupported  shelf  angles  is  to  be 
deplored,  and  all  such  defects  should  be  remedied  by  means  of  vertical 
stififeners  under  the  outstanding  leg  of  angle,  or  where  there  is  not  suf- 
ficient space  the  angle  may  be  supported  by  vertical  bolts  and  a  yoke  over 
the  top  chord  of  floor  beam. 

The  question  as  to  what  constitutes  a  "liberal  allowance"  for  im- 
pact for  electric-car  loading  is  a  much  mooted  one.  Mr.  C.  C.  Schneider, 
in  his  very  excellent  paper  on  "Bridges  for  Electric  Railways,"  Street  Rail- 
way Journal,  issue  of  September  22,  1906,  introduces  his  impact  formula 
for  railroad  bridges  in  a  modified  form,  so  that  the  addition  for  impact 
due  to  electric  car  loads  is  practically  one-half  that  due  to  locomotive 
loads.     This  seems  perfectly  safe,  as  the  speed  maintained  on  most  elec- 
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trie  railways  is  much  lower  than  on  trunk  lines,  and  the  rotating  effects 
of  the  motors  is,  no  doubt,  less  disastrous  than  the  reciprocating  motion 
of  the  steam  locomotive  parts.  Certain  defects  common  in  the  track  sys- 
tem of  many  electric  roads  might  tend  to  equal  the  pounding  effect  of 
poorly  balanced  locomotive  driving  wheels,  but  over  such  a  roadbed  high 
speeds  could  not  with  safety  be  maintained. 

Referring  to  the  ever-increasing  electric  car  loads,  it  may  be  of  in- 
terest to  know  that  the  heaviest  surface  car  now  being  equipped  on  the 
Boston  Elevated  Railway  system  will  weigh,  when  loaded,  about  41  tons, 
and  in  case  the  motors  are  mounted  on  one  truck  only,  the  load  on  the 
motor  truck  will  be  about  25  tons,  or  practically  the -^ same  as  for  an  ele- 
vated car  on  the  same  system.  It  is  thus  seen  that  for  short  spans,  such 
as  stringers,  this  is  equivalent  to  a  50-ton  car,  and  in  the  light  of  present 
facts  it  would  seem  advisable  to  adopt  as  a  standard  a  50-ton  electric  car 
about  45  ft.  long  in  designing  new  work  where  car  tracks  are  to  be  sup- 
ported. 

Mr.  Frederick  H.  Fay. — The  speaker  endorses,  in  the  main,  the 
author's  views  in  regard  to  reinforced  concrete  arches  and  believes  that 
his  criticisms  are  applicable  to  reinforced  concrete  structures  in  general. 
While  the  strength  of  an  existing  structure  of  wood  or  iron  may  be  de- 
termined within  reasonable  limits  from  no  other  data  than  that  obtained 
from  a  field  examination,  in  the  case  of  the  structure  of  reinforced  con- 
crete, with  the  original  records  missing,  it  will  be  extremely  difficult,  if 
not  impossible,  to  determine  its  strength  by  inspection.  The  increase  in 
live  loads  should  be  taken  into  account  when  one  is  considering  the  ques- 
tion of  building  a  bridge  of  steel  or  of  reinforced  concrete ;  and  it  should 
be  remembered  that  while,  in  many  cases,  a  steel  structure  can  be  built 
which  will  admit  of  future  strengthening  at  slight  expense,  thereby  pro- 
longing its  life,  it  is  by  no  means  a  simple  matter  to  strengthen  a  rein- 
forced concrete  structure.  Because  of  this  difficulty  in  strengthening,  the 
uncertainties  of  workmanship  and  the  practical  impossibility  of  inspection 
in  service  without  the  original  data,  not  to  mention  our  present  lack  of 
knowledge  of  the  behavior  of  reinforced  concrete  structures  during  a 
long  term  of  years,  the  speaker  believes  that  good  designing  calls  for  a 
considerably  higher  factor  of  safety  in  reinforced  concrete  structures  than 
is  used  to-day  in  structures  built  of  steel. 

At  the  present  time  there  is  a  remarkably  rapid  increase  in  live  loads 
on  highway  bridges  carrying  street  cars.  In  Boston,  for  example,  a 
number  of  city  bridges  originally  designed  to  carry  a  uniform  live  load 
of  100  lb.  per  sq.  ft.,  or  a  single  20-ton  wagon,  are  now  being  strengthened 
by  the  Boston  Elevated  Railway  Company  to  take  trolley  cars  of  50-ton 
weight. 

Professor  McKibben  has  shown  some  interesting  examples  of  un- 
stiffened  shelf  angles  broken  in  service  by  excessive  live  loads.  It  will 
be  noted  that  Professor  M'cKibben's  angles  are  short,  and  that  in 
each  instance  they  broke  in  the  vertical  leg  near  the  root  of  the  angle. 
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The  speaker  has  in  mind  some  long,  unstiffened,  shelf  angles  which  for- 
merly carried  the  street  railway  track  stringers  on  a  bridge  in  Boston,  and 
which  broke  in  the  horizontal  (outstanding)  leg.  One  of  these  broken 
angles  is  now  in  the  city  engineer's  office.  It  is  of  wrought  iron,  3  ft. 
long,  with  3-in.  vertical  leg  and  3>2-in.  outstanding  leg,  and  an  original 
thickness  of  ^  in.  The  thickness  had  been  reduced  somewhat  by  rusting 
from  locomotive  gases.  The  break  in  the  outstanding  leg  occurred  near 
the  root  of  the  angle,  this  leg  being  sheared  entirely  off  for  a  length  of 
about  18  in.,  while  cracks  on  the  upper  surface  extended  some  distance 
beyond  the  ends  of  the  break.  It  is  believed  that  this  break  shows  that 
in  an  unstiffened  shelf  angle  the  load  from  a  stringer  is  not  distributed 
over  a  considerable  length  of  angle, — a  point  which  should  be  remembered 
in  designing  continuous  shelf  angles. 

The  speaker  takes  exception  to  the  author's  statements  as  to  the  ad- 
vantages of  a  single  layer  of  plank  over  two  layers  in  the  floors  of  high- 
way bridges.  Where  one  layer  of  floor- planking  is  used  it  will  usually 
be  allowed  to  continue  in  service  until  it  is  worn  nearly  through  or  it 
actually  breaks  under  some  heavy  load ;  in  short,  until  it  becomes  danger- 
ous. With  two  layers  of  plank,  the  lower  layer  should  be  designed  for 
strength  and  the  upper  for  wear;  and  even  if  the  upper  layer  be  worn 
entirely  through,  the  strength  of  the  lower  planking  remains  to  carry  the 
load  to  the  stringers.  The  author  admits  that  on  city  bridges  "the  double 
plank  is  economical  and  safe,  as  the  frequent  renewals  of  wearing  plank 
allow  efifective  inspection."  The  speaker  does  not  agree  with  the  author's 
statement  that  on  town  and  country  bridges  the  lower  layer  of  plank  will 
rot  out  before  the  upper  layer  has  become  so  unfit  for  service  as  to  require 
renewal.  The  speaker  is  of  the  opinion  that  in  all  highway  bridges  with 
plank  floor-surfacing,  whether  the  bridges  be  for  city  or  for  country  use, 
it  is  the  better  practice  to  use  two  layers  of  planking. 

In  the  case  of  plank  floor  bridges  over  railroads,  il:  is  generally  de- 
sirable to  provide  floor  planking  which  will  require  complete  renewal  at 
frequent  intervals,  for  usually  it  is  only  when  the  planking  is  so  renewed 
that  the  metal  work  beneath  the  floor  is  repainted.  In  such  bridges  it 
has  been,  for  years,  the  practice  of  the  city  of  Boston  to  use  untreated 
spruce  for  the  lower  layer  planking  as  well  as  for  the  upper  layer,  in 
order  that  the  lower  planking  would  be  renewed  and  the  metal  structure 
repainted  with  reasonable  frequency. 
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(Bulletin    96.) 

By   A.    F.    Robinson,   Bridge   Engineer,   Santa   Fe   Railway    System. 

At  the  annual  meeting  of  1905,  when  our  bridge  specifications  were 
adopted,  the  writer  expressed  the  opinion  that  open  decks,  designed 
under  these  specifications,  would  cost  more  per  linear  foot  per  annum 
than  ballast  floors.  In  this  paper  he  is  giving  the  distributi9n  of  the 
wheel  loadings  on  the  various  kinds  of  decks,  together  with  some  com- 
parisons between  open  and  ballast   decks   as  to  cost. 

The  formulas  for  distribution  of  wheel  loads  have  been  used  for 
some  years  past  in  the  Chicago  office  of  the  American  Bridge  Com- 
pany. These  formulas  were  originally  developed  by  Mr.  F.  C.  Fisher 
and  Mr.  C.  A.  Hasbrouck,  at  the  time  designing  engineers  for  the 
American  Bridge  Works.  The  formulas  as  originally  worked  out  were 
for  metal  floors  and  are  as   follows : 

(A)  For  distribution  four  spaces  or  boxes  each  side  the  center 
of  load: 

(I2a+  128b)  R4-f  (8a-f  8ib)  R3  +  (8a  +  4ob)  R2  +  (8a-f  iib)Ri==4  a  W 
(8a  +  8ib)  R«  +  ( 12a  +  S4b)  R3  +  (8a  +  28b)  R.  -f  (8a  +  8b)  Ri  =  4  a  W 
(8a  +  40b)  R,  +  (8a  -f  28b)  R3  -f  ( 12a  +  i6b)  R^  +  (8a  +  5b)  Ri  =  4  a  W 
(8a -f  lib)  R«-f  (8a  +  8b)  Rs  +  (8a  +  5b)  R2 -|-  (12a  +  2b)  Ri  =  4aW 

(B)  For   distribution   three  spaces  each  side   of  center: 

(12a  +  S4b)  R5  -f  (8a  +  28b)  R,  -f  (8a  +  8b)  R,  =  4  a  W 

(8a  +  28b)  Ra-}-  (i2a-f  i6b)  Rj-f  (8a -f  5b)  Ri  =  4aW 

(8a  4- 8b)  R,+  (8a-{-5b)  R^-f  (12a  +  2b)  Ri  =  4aW 

(C)  For  distribution   tiuo  spaces  each  side  of  center: 

(i2a-f  i6b)  R2+  (8a-f  5b)  Ri  =  4aW 
(8a  +  5b)  R2-I-  (12a -f  2b)  Ri  =  4aW 

(D)  For  distribution  one  space  each  side  of  center: 

(12a -f  2b)  Ri  =  4aW 

1 

b  — — 

(The  I  in  value  of  (a)  is  the  moment  of  inertia  of  the  metal  floor 
sections  and  in  value  of   (b)   is  the  moment  of  inertia  of  track  rail.) 
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Figs.  I,  2,  3,  4,  5  and  6  are  the  diagrarhs  used  in  developing  the 
above  formulas. 

In  order  to  make  the  above  equations  apply  to  wood   floor  timbers 
a    .  b 

we  must   substitute   for  a  and   for  b  . 

Ew  Es 

After  above  substitutions,  all  formulas  are  simplified  by  dividing  by 

a  b  Ew 

and  making  —  X  =  k.     For  wooden  floor  our  formulas  then 

Ew  a  Es 

reduce  to  the  following: 

(E)  Distribution  four  spaces  each  side: 

(i2+  128k)  R4+  (8  +  8ik)  R3+  (8  + 40k)  R.+  (8+iik)  Ri==4W 

(8  +  8ik)  R4+ (i2  +  54k)  R3+ (8  +  28k)  R^  +  (8  +  8k)R,  =  4W 

(8  + 40k)  R4+  (8  + 28k)  R3+  (i2  +  i6k)R2+  (8  +  sk)Rx  =  4W 

8+ Ilk)   R4+(8  +  8k)   R3+(8  +  5k)   R2  +   (i2  +  2k)Ri  =  4W 

(F)  Distribution   three  spaces  each  side: 

(12  +  54k)  R3  +  (8  +  28k)  R.  +  (8  +  8k)  Ri  =  4  W 
(8  + 28k)  R3+  (i2+i6k)  R2+  (8  + 5k)  Ri  =  4W 
(8  + 8k)  R3+  (8  + 5k)  R2+  (12  + 2k)  Rx  =  4W 

(G)  Distribution  two  spaces  each  side: 

(i2  +  i6k)R2(8  +  5k)  Ri  =  4W       (8  +  5k)  R=  +  (12  + 2k)  Ri  =4W 

(H)     Distribution  one  space  each  side: 

(i2  +  2k)  Ri  =  4W 

Using  an  85-lb.  A.  S.  C.  E.  rail,  taking  modulus  of  elasticity  of  long- 
leaf  yellow  pine  as  2,070,000=  (Ew)  and  modulus  of  steel  29,000,000  = 
(Es),  the  following  tab'es  have  been  worked  out.  These  tables  give  the 
actual  distribution  of  the  loading  in  per  cent,  of  each  wheel  load.  Read- 
ers should  remember  that  these  results  are  correct  for  any  wheel  loads 
or  spacing  of  axles.  The  distribution  of  any  wheel  load  should  never 
be  considered  as  greater  than  minimum  space  between  centers  of  driving 
or   car  axles.* 

In  using  these  percentages  it  will  frequently  happen  that  axles 
spaced  from  4  ft.  6  in.  to  5  ft.  o  in.  centers  will  give  greater  load 
for  timber  than  heavier   single  loads   spaced   further  apart,   as   is   shown 


♦Should  it  be  desired,  the  development  of  these  formulas  for  both  single 
and  double  track  floors  can  be  given   In  a  separate  paper. 
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in   Fig.    7.     In    this   case   the   loadings    from    two   adjoining   axles    may- 
give  maximum  concentrations   for  deck. 

Under  our  bridge  specifications  the  load  is  considered  as  distributed 
over  three  ties;  100  per  cent,  is  added  for  impact  and  a  unit  stress  of 
not  more  than  2,000  lbs.  used.  Assuming  a  6o,ooo-lb.  axle,  the  writer 
has  designed  several  floors.  In  all  of  these  the  ties  are  12  ft.  long  and 
are  spaced  6  in.  apart  in  the  clear. 

Open  Deck  No.  i. 

Stringers  spaced  7  ft.  o  in.  centers,  8  in  x  10  in.  ties  show  unit  stress 
of  i,8';o  lbs.  on  extreme  fibers. 

Open  Deck  No.  2. 

Stringers  spaced  8  ft.  o  in.  centers,  8  in.  x  12  in.  ties  show  unit  stress 
of  1,915  lbs.  on  extreme  fibers. 

Open  Deck  No.  3. 

Stringers  spaced  9  ft.  o  in.  centers,  8  in.  x  14  in.  ties  show  unit  stress 
of  1,872  lbs.  on  extreme  fibers. 

Open  Deck  No.  4. 

Stringers  spaced  10  ft.  o  in.  centers,  8  in.  x  16  in.  ties  show  unit 
stress  of  1,790  lbs.  on  extreme  fibers. 

Open  Deck  No.  5. 

Stringers  or  girders  spaced  15  ft.  4  in.  apart  centers,  12  in.  x  18  in. 
ties  show  unit  stress  of  1,950  lbs.-  on  extreme  fibers. 

Under  our  tab'es  for  distribution  of  loading  the  percentage  of  wheel 
load  carried  by  one  tie  will  be  as  follows : 

Open  Deck  No.  i  ^  0.376  W  =  11,280  lbs. 

"  2  =  0.346  W  =  10,380    " 

"  "        "  3  =  0.332  W  =    9,960    " 

"  4  =  0.322  W  =    9,660    " 

"  5  =  0.346  W  =  10,380    "  > 
No  impact  included.  , 

Ballast  Deck  No.  6  has  6  in.  x  8  in.  x  14  ft.  creosoted  timbers  laid 
on  the  flat  and  topped  out  with  a  layer  of  ballast  6  in.  thick  under  ties. 
The  stringers  or  girders  are  spaced  8  ft.  o  in.  apart  centers.  For 
60,000-lb.  axle  loads  the  extreme  fiber  stress  in  timber  will  be  1,880 
lbs.  per  sq.  in.  under  traffic  and  about  3,000  in  worst  possible  case  of 
derailment,  when  one  wheel  is  clear  out  against  outside  guards. 
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Ballast  Deck  No.  y  has  8  in.  x  lo  in.  x  14  ft.  creosoted  timbers  laid 
on  the  flat  and  topped  out  with  ballast  as  before.  The  stringers  are 
spaced  10  ft.  o  in.  apart  centers.  With  60,000-lb.  axles  the  extreme  fiber 
stress  on  timber  is  1,600  lbs.  per  sq.  in.  under  traffic  and  about  the 
same  in  worst  case  of  derailment.  These  unit  stresses  are  proportion- 
ately no  higher  with  ballast  which  reduces  the  impact,  than  in  the  open 
decks   where  impact  allowance  is  added  to  live  load. 

Derailed  wheels,  if  falling  freely,  wi'l  require  0.1649  second  to 
drop  from  top  of  an  8s-lb.  rail  to  the  ties.  When  train  is  running  at 
ID  miles  per  hour  the  wheels  would  move  forward  2.42  ft.  while  falling 
from  rails  onto  ties;  if  speed  is  50  miles  per  hour  this  will  be  12.09  ft. 
For  ties  spaced  6  in.  apart  or  less,  derailed  wheels  cannot  cause  a 
horizontal  loading  of  more  than  from  one-tenth  to  one-eighth  of  the 
vertical  load.  From  the  above  it  seems  to  the  writer  certain  that,  even 
in  case  of  derailment,  the  moving  load  will  be  distributed  over  more 
than  three  ties. 

Assuming  the  cost  of  longleaf  yellow  pine  and  Oregon  fir  ties  at 
$25.00  per  M.  ft.,  B.  M.,  the  cost  of  the  various  open  decks  per  linear 
ft.  of  track  will   be  as  noted  below : 

Open  Deck  No.  i.  (Cost  per  ft.  of  track.) 

77-ft.  B.   M.   Timber  ©$25.00 $1.93 

3  lbs.   Hardware  @        .03 09 

Labor,    framing    and  placing 80 

$2.82 

Open  Deck  No.  2.                                   (Cost  per  I'm.  ft.  of  track.) 
91-ft.   B.    M.    Timber   ©$25.00 $2.28 

4  lbs.   Hardware  @        .03 12 

Labor,  framing  and  placing 90 

$3-30 

Open  Deck  No.  3.                                  (Cost  per  Hn.  ft.  of  track.) 
105-ft.   B.   M.   Timber  ©$25.00 $2.63 

5  lbs.   Hardware         @        .03 15 

Labor,  framing  and  placing 90 

$3.68 

Open  Deck  No.  4.               -                       Cost  per  lin.  ft.  of  track.) 
ii8-ft.   B.   M.   Timber  @  $25.00 $2.95 

6  lbs'.    Hardware        @        .03 18 

Labor,    framing   and    placing 97 

r  
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• 

Open  Deck  No.  5.  Cost  per  Hit.  ft.  of  track.) 

iS2-ft.    B.    M.   Timber  @  $25.00 $3.80 

8  lbs.   Hardware         @        .03 24 

Labor,    framing    and    placing 97 

$5-01 

For  ties  in  open  decks  a  grade  of  timber  commonly  known  as 
"all  heart"  is  required.  This  is  much  more  expensive  than  is  required 
in  ballasted  decks,  where  timber  is  creosoted. 

For  ballast  decks  we  will  assume  creosoted  timber  at  $28.00  per  M. 
ft.  B.  M.  The  approximate  cost  of  our  ballast  decks  per  linear  ft.  of 
track  will  be  as  follows.  It  should  be  remembered  that  these  decks  are 
14  ft.  wide,  while  the  open  decks  above  estimated  are  but  12  ft. : 

Ballast  Deck  No.  6.  (Cost.) 

104-ft.  B.   M.  Timber  @  $28.00 $2.91 

3  lbs.    Hardware  @        .03 09 

0.52    cu    yds.    ballast  @      i.io 57 

Labor,   104-ft.   B.   M.,   etc.   @      8.00 83 

Yi   oi   I    track   tie 60 


$5-00 


Ballast  Deck  No.  7   (Cost). 

At  the   same  rates  as  above  this   deck  will   cost  $6.00  per  linear  ft. 
of  track. 

Ballasted  Deck  No.  6-A    (Cost). 

(Creosoted  timber  taken  at  $40.00  per  M.  ft.  M.  B.) 

104-ft.   B.   M.   Timber   @  $40.00 $4.16 

3  lbs.   Hardware  @        .03 09 

0.52  cu.  yd.  ballast        @      i.io 57 

Labor,   104-ft.    B.   M.     @      8.00 83 

Yz  oi  I  track  tie 60 


$6.25 
Ballast  Deck  No.  7- A. 

At  the  same  rates  as  above  this  deck  will  cost  $7.50  per  linear  foot 
of  track. 

As  to  the  life  of  these  ballast  floors.  The  Louisville  &  Nashville 
Railroad  has  been  using  creosoted  ballast  deck  pile  bridges  since  1878, 
and  has  as  yet  not  removed  any  on  account  of  timber  or  piles  being 
rotten.    Under  these  conditions  it  seems  to  the  writer  safe  to  assume  the 
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« 
life  of  the  ballast  decks  at  twenty-eight  years.  Open  decks  of  un- 
treated timber  are  assumed  to  have  an  average  life  of  seven  years. 
Once  in  a  while  decks  may  run,  under  light  traffic,  eight  or  even  nine 
years?,- but  in  the  majority  of  cases  decks  only  six  years  old  show  a 
large  percentage  of  the  ties   renewed. 

Taking  interest  at  4  per  cent.,  compounded  annually,  the  total  cost 
and  annual  cost  per  linear  ft.  of  the  various  decks  at  end  of  twenty- 
eight  years  will  be  as  follows : 

(By  total  cost  is  meant  the  principal  plus  interest  at  4  per  cent., 
compounded   annually.) 

Open  Deck  No.  i. 

$2.82  @  4  per  cent,   for  28  years $8.45 

$2.82  @  4  per  cent,  for  21  years 6.43 

$2.82  (gi  4  per  cent,   for  14  years 4.88 

$2.82  @  4  per  cent,  for  7  years 3.72 

Cost   per   linear   ft $23.49 

2.82  X  4  ,     ,  __* 

=  renewal  charge  =$0.40. 

28 

Average  Annual  Cost. 

Average   maintenance    (labor   and   material) $0.35 

$2.82  @  4  per  cent,  interest 11 

Renewal    charge    40 

Total   annual   cost    $0.86 

Open  Deck  No.  2. 

$3-30  @  4  per  cent,  for  28  years $  9.89 

$3-30  @  4  per  cent,  for  21   years 7.52 

$330  @  4  per  cent,  for   14  years 5.71 

$3-30  @  4  per  cent,  for     7  years ' 4.34 

Cost    per    linear    ft ■ $27.46 

$3-3°  X4 


:  renewal  charge  =  $0.47. 


28 

Average  Annual  Cost. 

Average   maintenance    (labor   and   material) $0.35 

$3-30   @   4   per   cent 13 

Renewal    charge    47 

Total   annual   cost $0.95 
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Open  Deck  No.  S- 

$3.68  @  4  per  cent,  for  28  years $11.03 

$3.68  @  4  per  cent,  for  21   years 8.38 

$3.68  @  4  per  cent,  for   14  years 6.37 

$3.68  @  4  per  cent,  for     7  years 4.84 


Cost    per    linear    foot $30.62 

$3.68  X  4 

=  renewal  charge  =  $0.53. 

28 

Average   Annual   Cost. 

Average    maintenance    $0.35 

$3.68  @  4  per  cent,   interest .15 

Renewal   charge    53 

Total    annual    cost $103 

Open  Deck  No.  4. 

$4.10  @  4  per  cent,  for  28  years $12.29 

$4.10  @  4  per  cent,  for  21  years 9.34 

$4.10  @  4  per  cent,  for  14  years 7.10 

$4.10  @  4  per  cent,  for  7  years 5.39 

Cost  per   linear   ft $o4-i2 

$4.10  X  4 

=  renewal  charge  =  $0.59. 

28 

Average  Annual   Cost. 

Average    maintenance    $0.35 

$4.10  @  4  per  cent,  interest 16 

Renewal    charge    59 

Total   annual   cost $1.10 

Open  Deck   No.  5. 

$5.01  @  4  per  cent,  for  28  years $15.02 

$5.01  @  4  per  cent,  for  21  years 11.41 

$5.01  @  4  per  cent,  for  14  years 8.68 

$501  @  4  per  cent,  for     7  years 6.59 

Cost   per   linear   ft $41.70 

$5.01  X  4 

=renewal  charge  =  $0.72. 

28 
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Average  Annual   Cost. 

Average   maintenance    $0.40 

$5.01   @  4  per  cent,   interest 20 

Renewal    charge    72 

Total    annual    cost $1.32 

In  the  ballast  decks  there  should  be  no  annual  charge  account  of 
new  material  used  in  repairs.  This  should  be  the  case  for  at  least  20 
out  of  the  28  years'  life  in  these  decks.  Ten  cents  per  ft.,  however, 
has  been   allowed  in  estimate   for   annual   cost. 

Ballast  Deck  No.  6. 

$5.00  @  4  per  cent,  for  28  years $i4-99 

.60  @  4  per  cent,  for  21   years 1.37 

.60  @  4  per  cent,  for   14  years 1.04 

.60  @  4  per  cent,  for     7  years 79 


Cost    per    linear    foot $18.19 

$5.00  +  3  X  0.60 

=  renewal  charge  =  $0.24. 

28 

Average    Annual   Cost. 

Line   and   surface   of   track $0.10 

Repairs     12 

$5.00  @  4  per  cent,  interest 20 

Renewal   charge    24 

Total    annual    cost $0.66 

'     Ballast  Deck  No.  7. 

$6.00  @  4  per  cent,  for  28  years $i7-98 

.60  @  4  per  cent,  for  21   years 1.37 

.60  @  4  per  cent,  for   14  years 1.04 

.60  @  4  per  cent,  for     7  years 79 

Cost    per    linear    ft $21.18 

$6.00+1.80 

=  renewal  charge  =  $0.28. 

28 

Average  Annual  Cost. 

Line  and   surface  of  track $0.10 

Repairs     12 

$6.00  @  4  per  cent,  interest 24 

Renewal    charge    28 


Total   annual   cost $0.74 
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Ballast  Deck  No.  6.-A. 

$6.25  @  4  per  cent,  for  28  years $18.73 

.60  @  4  per  cent,  for  21  years 1.37 

.60  @  4  per  cent,  for  14  years 1.04 

.60  @  4  per  cent,  for  7  years 79 

$8.05  $21.93 

=  ."^0.29  =^  renewal  charge. 

28 

Average   Annual  Cost. 

Line  and  surface  of  track $0.10 

Repairs     12 

$6.25  @  4  per  cent,  interest 25 

Renewal    charge    29 

Total    annual    cost $0.76 

Ballast  Deck  No.  7- A. 

$7.50  @  4  per  cent,  for  28  years $22.48 

.60  @  4  per  cent,  for  21  years 1.37 

.60  @  4  per  cent,  for  14  years 1.04 

.60  @  4  per  cent,  for     7  years 79 

Total  cost  per  linear  ft $26.68 

$5^.30 

=  $0.33  =  annual  renewal  charge. 

28 

Average  Annual  Cost. 

Line    and    surface $0.10 

Repairs    12 

$7-50  @  4  per  cent,  interest 30 

Renewal    charge    33 

$0.85 
Ballast  Deck  No.  8. 

A  reinforced  concrete  floor  14  ft.  wide,  moulded  in  10  ft.  to  12  ft. 
lengths,  can  be  built  for  not  to  exceed  $7.00  per  linear  foot  in  place, 
including  ballast  and  track  ties.  The  life  of  a  deck  of  this  kind  can 
be  assumed  the  same  as  a  steel  bridge.  Under  this  assumption  the 
renewal  charge  would   be    ij^   per  cent. 
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Average  Annual  Cost. 

$7.00  @  4  per  cent,   interest $0.28 

Renewal    charge    11 

Renewal  on  track  ties 19 

Line   and   surface  and   54   track  tie 18 

Total    annual    cost $0.76 

From  the  above  comparisons  it  will  be  seen  that  the  ballast  decks 
show  lower  total  cost  per  linear  foot,  at  end  of  twenty-eight  years,  and 
lower  average  annual  cost  than  the  open  decks  designed  according  to 
the  bridge  specifications  of  the  Association.  These  differences  are  part 
of  the  annual  profits  due  to  the  use  of  ballast  floor. 

Comparisons  given  in  tables  on  pp.  281,  282  and  283,  show  the  unit 
stresses  in  girders  when  proportioned  under  the  American  Railway 
Engineering  and  Maintenance  of  Way  specifications  and  by  the  ordinary 
methods,  when  dead  load  stresses  include  the  ballast  floor  loading.  These 
do    not    indicate    excessive    weight    in    metal    work    on    account    of    the 

ballast  floor. 

PILE  BRIDGES. 

Engineers  and  managers  generally  have  had  an  idea  that  the  ordi- 
nary pile  bridge  is  the  most  economical  structure  of  its  kind,  both  in 
first  cost  and  in  maintenance  for  a  long  term  of  years.  When  pile 
bridges  cost  from  $5.00  to  $7.00  per  linear  foot  and  had  an  average 
life  of  from  ten  to  sixteen  years,  this  theory  was  undoubtedly  correct. 
During  the  past  few  years,  however,  the  conditions  have  changed.  The 
enforced  use  of  soft  woods  and  the  long  freight  haul,  together  with 
high  price  of  labor  and  cost  of  creosoting  or  other  preserving  processes, 
have  increased  the  average  cost  of  these  structures. 

At  the  present  market  prices,  pile  bridges  built  of  untreated  soft 
woods  and  designed  for  the  very  heavy  rolling  loads  used,  will  cost 
from  $8.00  to  $14.00  per  linear  foot.  For  bridges  with  piles,  caps  and 
sway  braces,  creosoted  (other  parts  untreated),  and  no  freight  haul 
over  local  line  included,  the  cost  will  vary  from  ten  to  fifteen  dollars 
per  linear  foot.  Because  of  the  comparatively  restricted  areas  in  which 
acceptable  soft  woods  are  obtained,  the  great  demand  and  long  freight 
haul,  there  is  little  probability  of  these  timbers  ever  costing  much  less 
than  at  present. 

The  present  high  cost  of  ordinary  pile  bridges  and  their  short  life 
has  led  many  engineers  to  investigate  other  kinds  of  construction. 
Below  the  writer  is  giving  comparisons  between  the  ordinary  open  deck 
pile  bridges  and  ballasted  deck  structures  of  similar  type. 
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Plan  No.  9. 

This  is  an  open  deck  pile  bridge.  The  average  cost  is  taken  at 
$8.00  per  linear  foot,  and  the  assumed  life  eight  years.  At  the  end  of 
twenty-four  years  the  total  cost  will  be  (interest  at  4  per  cent.,  com- 
pounded annually)  : 

Cost  per  ft.  of  Track. 

$8.00  @  4  per  cent,   for  24  years $20.50 

$8.00  @  4  per  cent,   for   16  years 14.98 

$8.00  @  4  per  cent,  for     8  years 10.95 

Total  cost  per  foot $46.43 

$24 

Annual  renewal  charge  is =  $1.00. 

24 

Average  Annual  Cost. 

Repairs    $0.46 

Interest  $8.00  @  4  per  cent 32 

Renewal  charge  l.oo 

Insurance    01 

$1.79 

Plan  No.  10. 

Same  as  No.  9,  only  the  cost  is  taken  at  $10.00  per  foot. 

Cost  per  ft.  of  Track. 

$10.00  @  4  per  cent,  for  24  years $25.62 

$10.00  @  4  per  cent,  for  16  years .   18.72 

$10.00  @  4  per  cent,  for    8  years 13-69 

Total  cost  per  foot $58.03 

$30 

Annual  renewal  charge  = =  $1.25. 

24 

Average  Annual  Cost. 

Repairs    $0.46 

Interest  $10.00  @  4  per  cent 40 

Renewal   1.25 

Insurance    :..     .01 

$2.12 
Plan  No.  II. 

This  is  an  open  deck  structure  with  piles,  caps  and  sway  braces, 
creosoted,  remainder  untreated.  First  cost  is  taken  at  $12.00  per  linear 
foot.     Life  of  creosoted  parts   is  taken   at  24  years,   untreated  parts  at 


276  OPEN   VS.    BALLAST    DECK   STRUCTURES. 

8  years.    At  end  of  twenty-four  years  the  total  cost,  with  interest  as  be- 
fore, will  be : 

$12.00  @  4  per  cent,  for  24  years $30-74 

7.00  @  4  per  cent,  for  16  years 13.11 

7.00  @  4  per  cent  for     8  years 9-58 

Total  cost  per  foot $53-43 

$26.00 
=  $1.08  =  annual  renewal  charge. 

24 

Average  Annual  Cost. 

Repairs    $0.42 

Renewal  charge  1.08 

Interest  $12.00  @  4  per  cent 48 

Insurance    01 

$1.99 
Plan  No.  12. 

This  contemplates  a  creosoted  ballasted  deck  pile  bridge.  On  the 
Santa  Fe  Railway  System  the  average  cost  of  all  bridges  of  this  kind 
built  up  to  the  end  of  1904  was  a  little  less  than  $16  per  ft.  (75  per  cent, 
of  the  $16.00  was  material,  25  per  cent,  labor).  Since  that  time  the  cost 
has  increased,  some  bridges  running  as  high  as  $22.00  per  ft.  The  aver- 
age cost  will  probably  be  about  $19.00  per  ft.  Taking  the  first  cost  at 
$19.00  and  assuming  the  life  as  twenty-four  years,  the  total  cost  per  foot 
at  end  of  the  twenty-four  years  will  be  as  shown  below,  interest  as 
before.  Cost  per  ft.  of  Track. 

$19.00  @  4  per  cent,  for  24  years $48.68 

.60  @  4  per  cent,  for  16  years I.i2 

.60  @  4  per  cent,  for    8  years 82 

Total  cost  $50.62 

$20.20 

Annual  renewal  charge  is  =  $0.84. 

24 

(The  $0.60  covers  two  renewals  of  track  ties.) 

Average  Annual  Cost. 

Line  and  surface $0.10 

Repairs 12 

Interest  $19.00  @  4  per  cent 76 

Renewal  charge  84 

$1.82 
At  $20.00  per  ft.  first  cost  the  total  cost  at  end  of  twenty-four  years 
would  be  $53.18,  renewal  charge  $0.88  and  average  cost  $1.90. 
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Plan  No.  13. 
From  data  already  in  hand  the  writer  feels  safe  in  assuming  that  an 
acceptable  reinforced  concrete  bridge  or  viaduct  can  be  built  for  from 
$26.00  to  $30.00  per  ft.  In  this  the  maximum  height  from  rails  to  bed  of 
stream  would  not  exceed  30  ft.  A  bridge  of  this  kind  may  be  safe'y 
assumed  to  have  a  life  equal  to  a  steel  structure,  or  an  annual  renewal 
charge  of  ij^  per  cent.  Taking  first  cost  as  $26.00  per  ft.,  the  average 
annual  cost  will  be  as  below: 

Annual  Cost   {$26.00  per  ft.) 

Renewal  $26.00  @  i]5/2  per  cent $0.39 

Interest  $26.00  @  4  per  cent i.io 

Line  and  surface 10 

Yz  track  tie 08 

Total  $1.67 

Taking  first  cost  as  $30.00  per  ft.,  the  annual  cost  will  be  as  below : 

Annual  Cost  ($30.00  per  ft.) 

Renewal  $30.00  @  i^  per  cent $0.45 

Interest  $30.00  @  4  per  cent 1.20 

Line   and   surface 10 

Ys  track  tie 08 

Total    $1.83 

Plan  No.   14. 
This  is  the  same  as  plan   No.   12,  but  price  of  creosoted  timber  is 
taken  at  $40.00  per  M.  ft.  B.  M.  and  piles  about  27c  per  ft. 

Cost  per  ft.  of  Track,  Life  24  Years. 

$24.00  @  4  per  cent,  for  24  years $61.49 

.60  @  4  per  cent,  for  16  years 1.12 

.60  @  4  per  cent  for    8  years 82 

Total  cost  $6343 

$25.20 

Annual  renewal  charge  =  =  $1.05. 

24 

Average  Annual  Cost. 

Line   and   surface $0.10 

Repairs   12 

;  Interest  $24.00  @  4  per  cent 96 

■  Renewal   charge    •  •   i.o5 

Total   $2.23 
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Assembling  results,  we  have,  all  being  per  linear  foot  of  track: 

Open  Deck  No.  i. 

Total  cost    $23-49 

Annual   cost    •  •  •  •       -86 

Open  Deck  No.  2. 

Total  cost   $2746 

Annual  cost 95 

Open  Deck  No.  3. 

Total  cost   $30.62 

Annual  cost    i-03 

Open  Deck  No.  4. 

Total  cost  $3412 

Annual  cost   i-io 

Open  Deck  No.  5. 

Total  cost   $41.70 

Annual    cost    i-32 

Ballast  Deck  No.  6. 

Total  cost  $18.19 

Annual  cost    66 

Ballast  Deck  No.  7. 

Total    cost    $21.18 

Annual  cost   74 

Ballast  Deck  No.  8. 
Annual  cost    $    -76 

Open  Deck  Pile  Bridge  No.  9. 

Total  cost   $46.43 

Annual  cost i-79 

Open  Deck  Pile  Bridge  No.  10. 

Total    cost    $58.03 

Annual  cost   2.12 

Open  Deck  Pile  Bridge  No.  11. 

Total  cost   $53-43 

Annual  cost i-99 
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Ballast  Deck  Pile  Bridge  No.  12  ($19.00). 

Total  cost  $50.62 

Annual  cost   1.82 

Ballast  Deck  Pile  Bridge  No.  12  ($20.00). 

Total  cost   $53-i8 

Annual  cost  1.90 

Reinforced   Concrete   Plan    No.    13    (Azrragc   $26.00   l>cr   ft.). 
Annual  cost   $  1.67 

Plan  No.  IS  (Average  $30.00  per  ft.). 
Annual  cost   $  1.83 

Ballast  Decks  6-A  and  7-A,  together  with  Bal'ast  Deck  Pile  Bridge 
Plan  14,  are  given  in  order  to  show  comparative  costs  when  creosoted 
timber  is  taken  at  $40.00  per  M.  ft.  B.  M.  and  piles  in  proportion. 

Ballast  Deck  No.  6-A. 

Total  cost   $21.93 

Annual  cost   76 

Ballast  Deck  No.  7-A. 

Total  cost  $26.68 

Annual  cost   85 

Ballast  Deck  Pile  Bridge  Plan  No.  14. 

Total  cost   $63.43 

Annual  cost   2.23 

In  presenting  the  above  comparative  costs  for  various  structures,  the 
writer  recognizes  the  fact  that  any  great  variation  in  market  prices  for 
material  or  labor  may  result  in  decidedly  different  conclusions.  He  has 
tried  in  every  case  to  give  the  open  deck  structure  the  advantage.  The 
prices  assumed  for  creosoted  material  are  those  used  on  the  Santa  Fe 
railway  and  are  supposed  to  represent  actual  cost  to  that  company.  The 
writer  can  see  no  reason  why  most  railways  cannot  be  enabled  to  obtain 
results  approximately  the  same  as  are  shown  above. 
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CONCLUSIONS. 

The  above  comparisons  are  almost  entirely  devoted  to  what  may  be 
termed  "the  money  side  of  the  case."  They  show  that  roads  using  open 
deck  bridges  are  having  to  pay  more,  per  linear  ft.  per  annum,  for  them 
than  for  ballast  deck  structures,  even  though  the  first  cost  of  the  open 
decks  may  be  the  lower  of  the  two  types.  These  comparisons  show  that 
it  is  best  to  use  ballast  deck  structures,  even  though  they  do  not  materia'ly 
reduce  or  absorb  the  effects  of  impact. 

We  will  now  note  some  of  the  advantages  of  ballast  deck  struc- 
tures, which  have  been  designated  as  "the  sentimental  side  of  the  case." 

(i)  Ballast  to  a  large  extent  absorbs  or  dissipates  and  distributes 
the  effects  of  impact  in  such  a  manner  as  to  materially  increase  the  life 
of  structures. 

(2)  Ties  will  not  "bunch"  in  good  stone  or  gravel  ballast  and  this 
kind  of  floor  gives  increased  safety  in  case  of  derailment. 

(3)  It  almost  entirely  prevents  accidental  fires  that  can  catch  from 
falling  coals,  thereby  rendering  insurance  unnecessary. 

(4)  It  gives  a  more  nearly  perfect  riding  track,  there  being  no 
breaks  in  ballast  from  beginning  to  end  of  a  division. 

(5)  It  gives  an  increased  feeling  of  safety  to  the  traveling  public,  to 
the  trainmen  and  operating  officials. 

(6)  It  gives  a  more  stable  structure  in  time  of  high  floods. 

(7)  By  use  of  ballast  floor  structures  we  are  enabled  to  use  the 
poorer  or  second  grades  of  timber,  thereby  tending  to  reduce  the  great 
and  dangerous  drain  on  our  visible  supply  of  first  grade  material. 

In  final  conclusion  the  writer  believes  ballast  deck  structures  are 
advisable  from  all  points  of  view ;  they  should  be  used  on  bridges  of  all 
kinds,  both  on  main  and  branch  lines.  He  believes  the  time  is  not  far  dis- 
tant when  open  deck  structures  will  be  ancient  history. 

Hoping  this  paper  will  bring  out  full  discussion  and  much  valuable 
data,  it  is  respectfully  submitted. 
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DISCUSSION. 

Past-President  Kelley: — The  next  business  in  order  before  the 
convention  to-night  will  be  the  report  of  the  Committee  on  Iron  and 
Steel  Structures,  of  which  Mr.  J.  E.  Greiner,  of  the  Baltimore  &  Ohio, 
is  the  chairman.  The  Committee  will  please  take  its  place  on  the  plat- 
form. 

The  chairman  of  the  Committee  desires  the  first  subject  considered 
to  be  the  impact  tests.  Professor  Crandall  will  make  a  statement  of 
the  work  that  has  been  performed  by  the  sub-committee  during  the  past 
summer  and  also  outline  the  program  they  propose  to  follow  for 
next   year. 

Professor  C.  L.  Crandall  (Cornell  University)  : — Professor  Tur- 
neaure,  as  chairman  of  the  sub-committee,  estimates  that  about  one- 
half  of  the  funds  subscribed  for  the  tests  have  been  spent  for  the  past 
season's  work.  This  includes  the  field  work,  the  reduction  of  the 
observations,  and  the  cost  of  the  instruments,  thus  leaving  more  funds 
for  field  work  this  season  than  were  spent  last. 

The  description  of  the  work  and  the  tabulation  of  the  results  are 
given  in  Bulletin  97,  except  that  only  a  sample  page  is  given  for  each 
of  tables  Nos.  4,  5  and  6,  instead  of  the  full  number  of  each,  as  inti- 
mated in  the  text.  The  average  number  of  records  obtained  each  time 
a  test  train  was  run  over  a  bridge  was  about  7,  so  that  the  total  num- 
ber of  records  would  be  something  like  4,000.  The  office  work  that 
lias  been  done  so  far  has  been  the  tabulation  of  the  results  without 
making  any  effort  at  drawing  conclusions  from  these  results.  The  re- 
sults among  .themselves  are  fairly  consistent,  and  give  impact  effects 
running  up  in  one  or  two  cases  to  over   100  per  cent. 

On  the  first  bridge  tested  the  maximum  was  50  per  cent,  on  one 
of  the  bottom  chords,  that  is,  as  compared  with  the  extension  of  the 
same  member  with  the  train  going  at  slow  speed.  This  was  for  a 
speed  of  40  miles  per  hour.  On  the  second  bridge  tested  one  of  the 
bottom  chord  members  ran  up  to  84  per  cent.,  the  average  being  from 
30  to  40.  The  effort  was  concentrated  on  truss  bridges,  but  a  few 
plate-girders  were  available  and  some  records  were  taken  on  them. 

It  is  felt  that  the  deflectometer  records  are  more  reliable  than  th^ 
extensometer  records.  The  greatest  deflections  did  not  occur  at  the 
highest  speeds  in  many  cases.  On  the  last  bridge  tested  the  live  load 
stresses  have  been  computed,  and  in  comparing  these  with  the  stresses 
given  by  the  extensometers,  they  give  checks  which  are  fairly  reasonable. 
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Thus  in  one  list  of  readings  on  the  main  diagonal  the  extensometer 
values  run  from  94  up  to  loi  per  cent.  >f  those  computed  for  one  en- 
gine; from  90  to  99  per  cent,  for  a  second,  and  from  89  to  106  per  cent, 
for  the  third  engine,  etc. 

I  think  it  is  the  feeling  of  the  Committee  that  the  tests  should  be 
extended,  taking  up  especially  trusses  and  girders  with  ballasted  floors. 
The  funds  are  available  so  that  the  work  can  be  continued,  provided 
the  railroad  companies  are  willing  to  furnish   facilities  for  doing  it. 

Past-President  Kelley : — Do  any  of  the  members  desire  to  present 
any  questions  to  the   Committee  on  this   subject? 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
Is  it  the  intention  of  the  Committee  conducting  the  tests  to  continue 
the  work  of  analyzing,  and  make  a  thorough  analysis  of  the  results 
that  have  been  obtained,  and  plot  the  curves  of  iiwpact  for  various 
speeds  ? 

Prof.  Crandall : — I  think  the  feeling  of  the  Committee  is  that  that 
work  had  better  be  left  until  more  data  are  obtained.  Some  work  in 
that  direction  has  been  done ;  more  will  be  done  as  a  guide  in  laying 
out  the  work   for  the   present  season. 

Past-President  Kelley : — If  no  further  questions  are  to  be  asked, 
the  Committee  will  take  up  the  consideration  of  the  specifications  for 
classification    of   bridges. 

Mr.  J.  E.  Greiner  (Baltimore  &  Ohio)  : — Your  Committee  on  Iron 
and  Steel  Structures  consider  the  question  of  safe  carrying  capacity 
of  bridges  one  of  the  most  serious  problems  which  has  been  placed 
before  it.  We  have  had  some  difficulty  in  coming  to  any  positive  con- 
clusions, or  conclusions  which  can  be  shaped  in  such  decisive  form  as 
to  be  worthy  of  presentation  before  the  Association.  One  reason  for 
this  is  the  various  ways  different  engineers  are  accustomed  to  analyze 
a  structure.  Some  will  take  impact  into  consideration  by  additions  to 
the  unit  strains,  others  will  not ;  and  when  one  engineer  says  that  he 
will  allow  a  strain  of  16,000  lbs.  per  sq.  in.  and  another  one  says 
26,000  lbs.,  there  is  an  apparent  ambiguity  which  needs  explanation.  In 
our  report  we  have  followed  the  analysis  that  is  outlined  in  our  bridge 
specifications,  wherein  unit  strains  are  based  upon  the  assumption  that 
impacts  are  taken  care  of  by  additions  to  live  load  strains.  This  will 
account  for  the  apparently  high  unit  strains  which  are  mentioned  in  our 
conclusions. 

In  presenting  these  conclusions  we  do  so  with  considerable  hesita- 
tion. There  is  a  fear  that  they  may  be  misinterpreted  or  misquoted 
or  misused,  and  we,  -therefore,  desire  to  add  another  string  to  the 
numerous  strings  already  attached  to  what  we  have  recommended  and 
offer  the   following  as  an   additional  conclusion,   No.   6: 

"(6)  It  is  of  the  utmost  importance  that  the  carrying  capacity  of 
a  bridge  be  determined   only  by  a  bridge   engineer  "of  sound  judgment 
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and  experience  in  similar  questions,  and  the  foregoing  conclusions  are 
based  upon  this  assumption." 

Past-President  Kelley : — Mr.  Greiner  will  now  present  the  conclu- 
sions seriatim. 

Mr.  Greiner: — "(i)  The  carrying  capacity  of  a  bridge  is  here 
understood  to  mean  the  heaviest  moving  loads  which  may  be  operated 
over  it  in  regular  service  for  a  limited  time  without  subjecting  it  to 
such  severe  strains,  motion  or  wear  of  parts  as  to  seriously  impair  its 
safety  and  serviceability." 

You  will  observe  that  we  mean  carrying  the  train  on  the  track 
and  not  off  the  track,  and  we  do  not  mean  an  indefinitely  long  period. 
We  cannot  say  whether  it  will  be  two  years,  three  years  or  five  years, 
but  leave  that  matter  to  be  determined  by  the  action  of  the  bridge  after 
we  have  once  settled  upon  its  capacity. 

Past-President  Kelley : — In  order  to  save  time,  when  these  para- 
graphs have  been  read,  if  no  remarks  or  objections  are  made,  they  will 
be  considered  as  adopted  by  the  Association.  No  objection  to  conclu- 
sion I,  it  will  be  accepted  as  read. 

Mr.  Greiner: — "(2)  The  carrying  capacity  of  any  bridge  will  de- 
pend upon  a  large  number  of  controlling  factors,  all  of  which  must  be 
taken  into  consideration.  Some  of  these  factors  are  design,  material, 
v/orkmanship,  speed,  strains,  behavior,  physical  condition  and  the  possi- 
bility of  maintaining  falsework  for  a  considerable  time  should  the  bridge 
show  distress  under  increased  loading." 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — Will 
good  alinement  be  considered  under  design? 

Mr.  Greiner : — Certainly  alinement  is  one  of  the  controlling  fac- 
tors— location  and  alinement.  We  say  these  are  some  of  the  controlling 
factors.  The  curvalure  would  also  be  one  of  them,  and  the  location, 
as  to  whether  the  bridge  is  in  a  dip  or  on  top  of  a  hump,  would  be 
r.nother. 

Past-President  Kelley : — If  there  is  no  objection,  this  clause  will 
stand  as  read. 

Mr.  Greiner: — "(3)  A  railroad  bridge  which  has  been  constructed 
in  accordance  with  a  specification  which  provides  for  strength,  design, 
material  and  workmanship  at  least  equal  to  the  standard  of  the  Ameri- 
can Railway  Engineering  and  Maintenance  of  Way  Association  speci- 
fications will,  when  in  good  condition,  carry  for  a  limited  period  a 
loading  in  excess  of  that  for  which  it  was  originally  designed.  The 
bridge,  however,  will  be  subjected  to  a  greater  amount  of  motion  and 
wear  of  parts,  have  a  lower  margin  of  safety,  less  efficiency  and  a 
shorter  life." 

"(4)  When  the  span  is  less  than  200  ft.,  all  controlling  factors 
given  in  Article  2  good,  the  mathematical  analysis  made  in  accordance 
v^ith    the    American    Railway    Engineering    and    Maintenance    of    Way 
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Association  specifications  of  1906,  using  full  specification  allowances  for 
impacts  for  regular  service  fast  speed  and  one-half  of  these  impact 
allowances  for  slow  speed,  then,  so  long  as  the  controlling  factors  re- 
main good,  unit  strains  in  tension  to  the  extent  of  26,000  lbs.  in  struc- 
tural open-hearth  steel  and  22,000  lbs.  in  wrought-iron,  will  not,  in 
themselves,  be  sufficient  justification  for  suspending  traffic  or  condemning 
the  structure." 

In  other  words,  any  well-designed  bridge  will  carry  a  greater  load 
than  that  for  which  it  was  actually  designed. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
It  is  interesting  to  know  what  a  well-designed  bridge  will  carry,  what 
overload  it  will  carry,  and  especially  a  bridge  designed  in  accordance 
with  the  specifications  of  this  Association ;  but  such  bridges  are  rare 
and  certainly  none  of  them  are  very  old.  What  we  usually  want  to 
know  is  what  some  old  and  poorly  designed  and  badly  constructed 
bridge  will  carry.  I  think  conclusion  3  does  not  throw  much  light 
on  that,  and  that  is  what  we  want  to  know. 

Mr.  Greiner: — I  do  not  think  Mr.  Selby  will  deny  the  fact  that 
you  can  run  heavier  loads  over  a  good  bridge  which  has  been  properly 
designed,  than  the  loads  it  was  intended  to  carry  originally.  That  is 
all  this  clause  states,  and  it  is  intended  to  lead  up  to  what  excess  loads 
may  be  allowed  on  an  old  bridge.  It  is  merely  a  general  statement 
to  the  eflfect  that  a  bridge  properly  designed,  whether  in  accordance 
with  these  specifications  or  any  other  equally  good  specifications,  will 
carry  a  somewhat  greater  load  than  the  load  stated  in  the  specifications 
under  which  it  was  designed. 

Mr.  Selby: — Would  it  not  be  truthful  and  more  to  the  point  to 
emit  a  reference  to  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association  specifications,  and  say  what  Mr.  Greiner  has  just 
said,  that  any  old  bridge  that  is  fairly  well-designed  will  carry  for  a 
limited  time,  if  in  good  condition,  a  load  considerably  in  excess  of  the 
load   to  which  it   was   designed? 

Mr.  Greiner: — I  do  not  think  that  I  said  that  any  old  bridge,  de- 
signed in  accordance  with  any  specification,  will  carry  a  load  consider- 
ably in  excess  of  that  for  which  it  was  designed — this  is  a  little  too 
broad.  The  paragraph  reads:  "A  railroad  bridge  which  has  been 
constructed  in  accordance  with  a  specification  which  provides  for 
strength,  design,  material  and  workmanship  at  least  equal  to  the  speci- 
fications of  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association."  Our  Association  has  adopted  specifications  as  a 
standard  of  measurement,  that  is  all.  The  old  bridge  must  be  analyzed 
according  to  some  standard  URon  which  we  agree,  and  if  you  analyze 
it,  that  is,  make  calculations  and  figure  strains  in  accordance  with  the 
methods  outlined  in  our  specifications,  then  if  the  strains  are  not 
beyond  a  certain  amount,  under  a  certain  excess  load,  we  consider  the 
bridge  safe;  but  that  is  something  which  will  appear  in  the  next  clause. 
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This  is  merely  a  general  clause  to  the  effect  that  a  bridge  properly 
designed  and  in  good  condition,  when  measured  in  accordance  with  the 
standard  of  analysis  we  have  adopted  in  our  Association,  will  carry  a 
greater  load  than  it  was  specified  to  carry ;  but  the  extent  of  that  over- 
load is  a  matter  which  is   not  stated  in  the  clause. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  rather  think  we 
are  getting  into  a  little  hot  water  here.  I  have  in  mind  an  old  truss 
l.^ridge  on  a  certain  road  which  had  the  rods  in  place,  but  the  rods 
began  to  snap  and  it  was  found  that  they  were  badly  crystallized.  The 
rods  apparently  had  the  same  original  strength  per  sq.  in.,  but  they 
snapped,  nevertheless.  Whether  we  can  safely  take  the  ground  con- 
templated here   on  an   old   structure   is   a   serious  question,   in  my  mind. 

Mr.  Greiner: — If  the  rods  were  crystallized,  you  could  not  say  the 
metal  was  in  good  condition.     We  state  "when  in  good  condition." 

Mr.  Selby: — I  ask  if  it  is  the  intention  of  the  Committee  that  the 
expression  "suspending  traffic  or  condemning  the  structure"  shall  apply 
to  full  speed;  in  other  words,  will  a  structure  in  which  the  analysis 
showed  these  unit  stresses  be  allowed  to  remain  in  service  at  unlimited 
speed  or  will  a  slow  order  be  put  on  it? 

Mr.  Greiner : — That  would  be  a  question  which  would  concern  each 
structure  in  itself.  It  is  something  which  the  engineer  in  charge  of 
the  structure  would  have  to  determine.  All  we  can  say  generally  is 
that  a  strain  to  that  extent  on  a  structure,  when  all  the  conditions  are 
good,  all  the  controlling  factors  are  good,  and  when  it  is  analyzed  in 
the  manner  stated,  would  not  in  itself  be  sufficient  cause  to  condemn 
the  structure  or  to  suspend  traffic.  It  may  be  sufficient  cause  to 
justify  "slow  speed"  on  some  bridges,  on  other  bridges  it  may  not  be 
necessary  to  restrict  the  speed  or  make  any  restrictions,  except  to 
watch  them.  In  the  case  of  other  bridges,  it  may  be  necessary,  if  they 
develop  defects,  to  remove  them  bodily.  As  a  general  statement,  when 
the  conditions  are  as  stated,  we  would  not  consider  these  unit  strains 
alone  cause  for  any  alarm  in  connection  with  a  structure,  but  it  should 
be  closely  watched. 

Mr.  Selby: — I  do  not  find  anything  in  these  conclusions  covering 
the  question  of  putting  slow  orders  on  bridges,  and  it  seems  to  me  it  is 
an  omission.  It  is  very  common  to  restrict  the  speed  over  a  bridge 
v/hich  is  of  doubtful  strength,  and  it  is  a  common  method  of  keeping 
the  bridge  in  service  for  a  longer  time  than  it  otherwise  would  be. 
There  are  a  good  many  bridges  that  figure  high  in  unit  stresses,  and 
it  is  not  practicable  to  put  props  under  them.  It  is  not  convenient 
to  remove  them,  and  ihe  only  way  of  keeping  them  in  service  is  to  put 
"slow  orders"  on  them  and  limit  the  speed  to  say  15  miles  or  10  miles 
per  hour.  It  seems  to  me  that  something  of  that  kind  should  be  in- 
corporated in  these  conclusions.  It  is  a  vital  point  in  determination  of 
what  to  do  with  the  old  bridges. 

Mr.    Greiner : — I   will    state   that   is   very   clearly   incorporated   there. 
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You  will  note  that  we  say  "using  full  specification  allowances  for  im- 
pact for  regular  service  fast  speed,  and  one-half  of  these  impact 
allowances  for  slow  speed."  That  means  if  you  cut  down  speeds 
jou  can  run  heavier  overloads.  It  would  mean  practically  taking  a 
6o-ft.  girder  span,  at  fast  speed,  on  overload  of  about  71  per  cent. 
while  at  slow  speed  the  overload  would  be  something  like  122  per  cent. 

Mr.  W.  F.  Steffens  (South  &  Western)  :— The  word  "good"  is 
open  to  criticism — it  seems  that  the  Committee  are  trying  to  say  "as- 
suming all  controlling  factors  given  in  article  2  to  hold." 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — When  conclusion  4  is  taken 
into  consideration  with  conclusion  2,  the  factors  are  so  numerous  upon 
which  this  conclusion  is  founded  and  these  factors  so  largely  dependent 
on  the  judgment  of  the  man  who  is  making  the  calculation,  it  seems 
to  me  that  it  is  rather  an  unsafe  precedent  for  this  Association  to  name 
so  high  a  unit  stress.  Another  feature.  It  says,  "one-half  of  these 
impact  allowances  for  slow  speed."  What  does  slow  speed  mean?  Who 
is  going  to  be  the  interpreter  of  that?  If  there  should  be  an  accident 
on  account  of  the  use  of  the  allowance  of  stresses  that  is  given 
here,  could  not  anyone  take  some  of  these  factors  and  claim  his  judg- 
ment is  good,  and  might  there  not  be  a  wide  variation  in  opinion  as  to 
whether  the  judgment  exercised  had  been  good? 

Mr.  Greiner: — That  was  just  one  of  the  points  which  scared  the 
Committee,  and  we  have  recommended  the  adoption  of  clause  6,  which 
will  provide  that  no  one  should  pass  upon  the  capacity  of  a  bridge 
except  a  bridge  engineer  of  sound  judgment  and  experience  in  that 
special  line.     It  is  a  matter  for  the  bridge  engineer  to  determine. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  ask  the  Committee,  where 
they  specify,  one-half  impact  allowances  for  slow  speed,  should  it  not 
be  indicated  what  slow  speed  is?  At  what  speed  do  you  reduce  to  one- 
half  impact?  The  term  slow  speed  is  very  general,  whereas  you  specify 
a  definite  figure  for  the  impact.  Would  it  not  be  well  to  say — the 
impact  allowance  should  be  reduced  in  accordance  with  the  reduction 
in   speed? 

Mr.  Greiner : — The  terms  "fast"  and  "slow"  are  merely  relative. 
You  could  not  say,  for  instance,  that  20  miles  an  hour  would  be  slow 
speed  and  21  miles  an  hour  fast  speed.  Slow,  of  course,  is  just  the 
other  extreme  of  fast.  What  is  there  recognized  is  that  fast  speed  is 
a  speed  in  regular  service,  unrestricted  speed,  it  may  be  35  miles  an 
hour  on  freight  trains  or  80  miles  an  hour  on  passenger  trains.  When 
you  get  down  to  slow  speed,  anything  would  be  slow  under  20  miles 
an  hour.  We  did  not  think  it  was  advisable  to  state  definitely  the 
rate  of  speed.  It  was  with  considerable  hesitation  that  we  brought 
these  conclusions  before  the  Association  at  all.  There  is  rather  a  dis- 
like among  engineers  to  commit  themselves  on  the  subject.  I  personally 
wrote  every  railroad  bridge  engineer  in  the  country,  and  asked  them 
what  they  would  do  in  a  well-defined  case,  stated  the  case  clearly,  so 
10 
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tliat  there  would  be  no  question  about  the  conditions,  and  of  30  or 
40  answers  received,  I  do  not  beHeve  there  were  six  or.  eight  alike. 
Concerning  slow  speed,  I  think  the  results  of  the  impact  tests  made 
indicate  that  a  speed  under  15  miles  an  hour  has  no  effect  so  far  as 
actual  impact  on  a  structure  is  concerned.  If  the  Association  thinks 
it  advisable  to  state  a  provision  for  speeds  under  a  certain  number  of 
miles  per  hour,  it  could  readily  be  inserted,  but  I  personally  think,  and 
believe  the  CommiLtee  as  a  body  thinks,  that  the  term  "slow"  should 
be  another  one  of  those  matters  which  must  be  left  to  the  sound  judg- 
ment of  the  engineer  to  decide. 

Mr.  Berg: — My  proposition  was  double-ended  in  this  way^nstead 
of  specifying  slow  speed,  would  it  not  be  desirable  to  make  the  term 
"one-half  of  these  impact  allowances  for  slow  speed"  more  flexible  by 
stating  "impact  allowance  to  be  reduced  according  to  the  reduction  of 
speed?" 

Mr.  Greiner : — I  understand  Mr.  Berg  to  mean  that  he  would  vary 
the  speed  of  the  trains  in  accordance  with  the  strength  of  the  struc- 
ture ;  that  is  what  it  would  practically  amount  to.  I  know  one  engineer 
who  attempts  to  do  that.  He  will  figure  a  structure  to  have  a  certain 
capacity  at  10  miles  an  hour,  less  capacity  at  40  miles,  and  still  less  at 
60.  If  they  want  to  run  an  engine  of  a  certain  class,  he  will  tell  them 
ihey  can  run  that  engine  at  60  miles,  another  class  at  50  miles  and  an- 
other class  at  40  miles.  I  do  not  understand  that  you  would  suggest 
incorporating   something    like    that. 

Mr.  Berg: — No,  sir. 

Mr.  Greiner: — If  we  vary  the  impacts  in  accordance  with  the 
speed,  would  not  it  amount  to  pretty  nearly  the  same  thing?  The 
question  which  bridge  engineers  are  asked  to  decide  is,  "can  you  run 
an  engine  of  certain  capacity  over  a  certain  structure?"  and  the  answer 
must  be  "yes"  or  "no."  If  you  can  run  it  over  the  bridge  you  may 
run  it  at  regular  speed,  or  at  restricted  speed.  If  we  give  here  th-? 
two  extremes,  regular  speed  and  restricted  speed,  it  seems  to  me  we 
have    gone   pretty    nearly    far    enough. 

Mr.  Baldwin : — Are  you  not  rather  inconsistent  in  giving  the  exact 
amount  that  you  can  diminish  your  impact,  making  it  definite,  and  at 
the  same  time  leaving  in  general  terms  the  amount  that  your  speed 
is  to  be  restricted?  You  are  absolutely  definite  on  one  side  of  the 
proposition,  and  entirely  general  on  the  other.  At  what  speed  would 
you  say  one  would  be  safe  in  reducing  the  impact  one-half? 

Mr.  Greiner: — It  would  depend  upon  the  structure,  Mr.  Baldwin. 
This  is  based  upon  what  is,  I  think,  usual  practice,  but  engineers  are 
too  timid  to  come  out  openly  and  assert  themselves.  Suppose  on  your 
road  you  have  an  overloaded  bridge ;  you  fix  the  capacity  of  that  bridge 
at  a  certain  amount,  perhaps  60  or  65  per  cent,  overload  and  you  will 
not   put  any   restrictions  on   it  until  the  bridge   begins   to  wobble,   until 
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the  trainmen  or  division  people  in  charge  of  it  make  complaints,  and 
when  that  time  arrives  then  you  restrict  the  speed  until  you  get  such 
speed  on  the  structure  that  it  rides  well.  As  long  as  it  works  that 
way  and  does  not  get  any  worse  and  the  operating  department  does 
not  protest  against  the  restrictions  as  to  speed,  the  bridge  will  probably 
stand.  But  as  soon  as  they  object,  you  say — "if  you  want  to  run  at 
faster  speed  you  must  put  in   a  new  bridge." 

Mr.  Baldwin : — We  name  a  definite  speed  in  each  case.  We  are 
bound  to  be  definite  in  dealing  with  the  engineer,  because  you  have  got 
to  have  something  to  hold  him  by,  and  I  think  it  is  the  universal 
custom  to  name  the  speed  at  which  the  trains  will  be  operated  over 
the  bridge  where  there  is  a  speed  restriction;  but  it  appears  to  be  in- 
consistent to  be  exact  as  to  the  amount  of  the  impact,  and  at  the  same 
time  general  as  to   the   speed. 

Mr.  Selby: — I  would  make  a  motion  to  eliminate  the  low-speed 
part  of  the  impact  allowance  and  add  the  low-speed  restriction  at  the 
end  of  the  conclusion.  That  will  be  accomplished  by  omitting  the 
words  in  the  fifih  line,  dealing  with  allowances  for  impacts  "for  reg- 
ular service  fast  speed  and  one-half  of  these  impact  allowances  for 
slow  speed,"  and  then  at  the  end  of  the  conclusion  add  the  words : 
"But  the  speed  of  trains  over  the  structure  may  be  restricted." 

Mr.  Berg: — I  agree  partly  with  the  gentleman.  I  believe  there  is 
a  desire  on  the  part  of  some  of  the  members  that  this  clause  should 
indicate  that  the  Association  in  adopting  it  have  in  mind  that  a  bridge 
that  is  overstrained  to  that  extent,  while  it  will  not  in  itself  be  suffi- 
cient justification  for  suspending  traffic  or  condemning  the  structure, 
still  I  believe  there  are  a  number  of  members  who  would  like  to  see 
some  reference  made  to  the  fact  that  the  Committee  have  in  mind  that 
speed  reduction  might  be  authorized,  and  I  would  like  to  make  an 
amendment   to    the    motion. 

Past-President  Kelley : — Mr.   Selby's  motion  was  not   seconded. 

Mr.  Berg: — I  make  a  motion  that  we  add  at  the  end  of  this  clause 
4  the  words :  "But  as  a  general  proposition  would  indicate  the  de- 
sirability of  speed  reduction  in  accordance  with  the  special  conditions 
in  each  case." 

(Mr.  Selby  seconded  the  motion.) 

Mr.  Greiner: — I  think  Mr.  Berg  has  overlooked  the  fact  that  that 
conclusion  clearly  provides  for  a  different  amount  of  overload  at  slow 
speed  than  at  fast  speed,  and  the  addition  of  the  words  which  he  has 
suggested  would  really  make  it  entirely  ambiguous.  There  is  already 
a  provision  for  slow  speed.  We  make  that  provision  by  the  amount 
of  impact  which  is  allowed.  For  instance,  on  a  60- ft.  bridge,  our 
specifications  allow  about  80  per  cent,  impact.  Take  the  train  at  full 
speed,  then,  to  get  that  26,000-lb.  limit,  it  would  require  an  overloaH 
of  about  71  per  cent.     For  slow  speed  instead  of  using  80  per  cent,  im- 
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pact,  we  use  40  per  cent,  impact.  In  order  to  get  that  26,000-lb.  strain, 
at  slow  speed,  it  would  require  an  overload  of  about  122  per  cent. 
So  that  in  one  case  when  you  run  full  speed  you  can  overload  th6 
structure  perhaps  71  per  cent.,  and  when  you  run  at  slow  speed  yoit 
can  overload  it  almost  twice  that  amount.  So  you  see  adding  that 
clause  would  confuse  the  whole  meaning  of  the  conclusion,  unless  we 
define  the  slow  speed  as  being  something  under  15  or  20  miles  an  hour. 

Mr.  Berg: — There  is  nothing  in  the  clause  to  indicate  that  the 
speed  over  the  bridge  shall  be  subsequently  limited  to  the  calculated 
.=;peed.  I  believe  that  any  operating  man  reading  this,  the  engineer 
having  passed  the  bridge  as  safe  without  any  justification  for  suspend- 
ing traffic  or  condemning  the  structure,  he  would  assume  it  was  all 
right  to  operate  over  the  bridge  in  the  usual  way.  There  is  nothing 
to  indicate  that  the  passing  of  a  structure  under  the  conditions  as  out- 
lined in  clause  4  means  also  that  the  matter  shall  be  followed  up  by 
speed   regulation. 

Mr.  Greiner : — The  amount  of  overload  permitted  on  that  structure 
is  dependent  on  the  speed,  in  accordance  with  that  clause  of  the  report. 

Mr.  Ewing : — I  ask  Mr.  Berg  if  his  thought  cannot  be  met  by 
making  this  change,  "full  specification  allowances  for  impact  for  regular 
service  fast  speed,  and  one-half  of  these  impact  allowances  for  speeds 
not  exceeding  15  miles  an  hour."  I  believe  that  would  be  satisfactory 
to    the    Committee. 

Mr.  Greiner: — I  think  that  would  be  acceptable  to  the  Committee, 
it   the    Association    desires    it. 

Mr.  Ewing: — They  specify  the  fast  regular  speed  and  go  further 
on  and  say  one-half  of  that  for  speeds  not  exceeding  15  miles  an  hour. 

Mr.   Berg: — That  will  be  satisfactory. 

Mr.    Selby : — That   will   be   satisfactory  to   me. 

Past-President  Kelley: — The  amendment  as  offered  by  Mr.  Ewing 
will  be   accepted   by   the    Committee. 

Mr.  T.  L.  Condron : — I  hesitate  to  discuss  this  report  in  view  of  the 
large  number  of  high-grade  railroad  bridge  engineers  on  the  Commit- 
tee, but  the  stresses  here  recommended  for  old  bridges  seem  to  rm 
excessively  high.  I  have  examined  a  number  of  bridges  where  the 
stresses  approach  the  figures  given  and  in  my  opinion  when  these 
stresses  are  reached,  you  are  coming  dangerously  near  to  inviting 
trouble. 

The  Committee  recommends  that  in  old  bridges  with  only  one-half 
of  the  formula  allowance  for  impact  (for  slow  speed),  a  unit  stress 
of  26,000  lbs.  per  sq.  in.  be  permitted.  If,  in  the  case  cited,  the  half 
impact  amounts  to  40  per  cent.,  then  there  will  occur  an  actual  stress, 
without  any  allowance  for  impact,  of  20,000  lbs.  per  sq.  in.  That  is, 
the  actual  weight  of  the  structure  with  a  train  standing  still  on  it,  will 
produce    stresses   of   approximately   20,000   lbs.    per   sq.    in.      While    such 
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stresses  may  have  to  be  permitted   in   exceptional   cases,   is   it   advisable 
to  go  on  record  as  recommending  such  practice? 

Mr.  Greiner : — I  do  not  want  to  disturb  Mr.  Condron's  peace  of 
mind,  but  I  feel  perfectly  sure  in  telling  him  lie  is  riding  over  those 
bridges    frequently. 

Mr.  Lindsay:- — I  want  to  sound  a  note  of  warning  from  the  ex- 
perience of  a  Past-President  of  this  Association  on  the  witness  stand 
ir  a  recent  trial,  in  which  the  conclusions  which  had  been  adopted  by 
this  Association  as  to  the  proper  super-elevation  of  a  curve,  had  been 
presented  to  him,  and  he  was  asked  if  that  met  with  his  approval,  and 
whether  in  his  opinion  it  was  safe  practice  to  exceed  the  speed  on  a 
certain  curve  any  perceptible  amount,  and  it  was  quite  difficult  to  ex- 
plain to  the  minds  of  the  jury  the  fact  that  it  was  possible  and  proper 
to  exceed  the  speeds ;  but  the  conclusions  of  the  Committee,  which 
were  made  with  a  desire  to  be  entirely  safe,  and  therefore  relatively 
low,  were  in  print  and  had  received  the  backing  of  this  Association; 
and  so  it  might  be  here;  if  you  specified  15  miles  an  hour  using  onlj' 
half  impact,  and  the  train  ran  at  25  miles  an  hour,  and  an  accident  hap- 
pened, some  of  us  might  be  in  the  same  predicament. 

Mr.  Baldwin : — How  would  it  do,  instead  of  naming  definite  amounts 
of  stresses,  to  state  that  a  certain  percentage  in  excess  of  what  is 
ordinarily  the  custom  could  be  used.  I  hesitate  to  go  into  definite 
figures,  the  way  they  might  be  used  under  certain  circumstances.  State 
stresses  up  to  a  certain  percentage  in  excess  of  what  are  generally  con- 
sidered good  custom  or  the  best  practice  could  be  used. 

Mr.  Greiner: — When  you  figure  on  a  bridge  you  must  use  definite 
strains.  If  16,000  lbs.  may  be  used  in  the  design  of  a  new  bridge,  or 
as  a  guide  for  the  analysis  of  an  old  bridge,  what  difference  does  it 
make  whether  you  say  you  will  permit  them  to  overrun  62.5  per  cent, 
or  state  you  will  permit  26,000  lbs.?  It  means  in  amount  of  overload 
the  same  thing.  You  may  as  well  state  what  strains  you  are  going  to 
use  rather  than  merely  give  a  percentage  which  will  result  in  the  same 
thing. 

Mr.  A.  J.  Himes  (New  York,  Chicago  &  St.  Louis)  : — This  Com- 
mittee has  purposely  sought  to  avoid  putting  before  the  Association 
anything  that  could  be  used  by  operating  officials  as  a  definite  per- 
centage of  overload  in  any  and  all  cases,  without  proper  consideration. 
We  have  done  that  because  we  know  that  the  material  which  has  been 
used  in  bridges  varies  widely  in  its  quality  and  character.  Some  of 
it  is  very  bad  wrought-iron  and  some  of  it  is  very  excellent  steel. 
The  bridges  vary  widely  in  their  design  and  details.  Some  are  ex- 
ceedingly well  designed,  although  very  old,  and  some  of  them  are  mon- 
strosities. It  is  entirely  wrong  and  out  of  the  question  for  any  engineer 
to  examine  the  strain  sheet  of  a  bridge  in  the  office,  and  then  say  that 
it   can    carry    a    certain   percentage   of   overload.      We   have   sought    to 
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minimize,  as  far  as  possible,  the  influence  of  stress  in  determining  the 
capacity  of  an  old  bridge.  We  feel  and  we  have  said  in  our  report 
that  the  final  conclusion  should  be  made  by  a  man  who  is  familiar 
with  the  bridge  as  it  exists  in  the  field,  and  who  has  had  previous 
experience  in  the  behavior  of  such  bridges.  I  think  it  is  apparent  in 
the  discussion  that  some  of  these  gentlemen  are  seeking  for  informa- 
tion that  will  permit  them  to  say,  offhand,  to  their  operating  officials 
that  any  given  bridge  is  capable  of  carrying  a  certain  percentage  of 
overload.  To  do  so  is  entirely  wrong,  and  this  Committee  wishes  to 
condemn  any   such  practice   in   the   strongest   terms. 

Mr.  R.  H.  Reid  (Lake  Shore)  :■ — It  seems  to  me  that  the  clause  as 
reported  by  the  Committee  is  about  as  accurate  as  it  is  safe  to  make 
it,  as  stated  by  Mr.  Himes.  There  are  certain  matters  that  may  be 
left  to  the  judgment  of  the  bridge  engineer  on  the  road,  and,  as  speci- 
fied in  the  suggesied  clause  that  is  to  be  added,  every  one  of  these 
questions  must  be  passed  on  by  a  competent  bridge  engineer,  and  I 
think  that  the  clause  as  the  Committee  has  it  is  about  as  good  as  it 
can  be. 

Mr.  D.  W.  Lum  (Southern  Railway)  : — This  matter  was  discussed 
and  threshed  out  by  members  of  the  American  Society  of  Civil  Engi- 
neers eight  or  ten  years  ago,  and  my  recollection  is  they  never  reached 
any  final  conclusion  on  the  subject,  at  least,  did  not  make  any  recom- 
mendation with  reference  to  the  unit  stresses  permissible  in  old  struc- 
tures. I  think  the  general  opinion  was  that  about  50  per  cent,  over- 
strain was  safe,  if  all  the  other  conditions  which  are  involved  in  con- 
sidering that  subject  are  good.  As  I  understand  it,  the  proposed  unit 
stresses  are  somewhat  less  than  were  recommended  or  suggested  by 
the  members  discussing  the  subject  in  the  American  Society.  Is  not 
that    so,    Mr.    Snow? 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — I  do  not  remember  that. 
The  American  Society  of  Civil  Engineers  is  pretty  shy  about  touching 
such  questions. 

Mr.  Lum: — I  thizik  we  might  avoid  exact  figures  on  this  subject, 
as  it  is  possible  those  suggested  by  the  Committee  may  frequently 
be  exceeded  with  complete  safety.  If,  as  is  stated  by  the  Committee, 
the  engineer  must  have  sound  judgment  and  experience,  he  must  use 
it  in  determining  what  stresses  he  will  accept  in  considering  the  struc- 
tures under  his  supervision. 

Mr.  Lindsay: — I  move  we  omit  the  words  "one-half  of  these  im- 
pact allowances  for  slow  speed." 

Mr.  Greiner: — I  can  say  on  behalf  of  the  Committee  we  would 
not  accept  that,  because  it  would  be  contrary  to  the  sense  of  this 
recommendation. 

Mr.  Snow: — It  seems  to  me  if  this  motion  prevails  we  have  nothing 
to    do  but   to   condemn   a   bridge   if   the   strains   exceed   the   prescribed 
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amount.  We  cannot  put  up  a  slow  order  and  use  the  bridge.  We 
have  simply  got  to  condemn  it.  I  think  the  conclusion  as  amended  by 
Mr.  Ewing  is  as  good  as  it  can  be  made.  Mr.  Lum's  objection  to 
any  figures  at  all  would  leave  the  conclusion  without  any  meaning. 
We  might  as  well  say  we  are  not  going  to  I  ell  how  we  decide  when 
a  bridge  is  too  light  to  be  used;  that  we  do  not  dare  to  tell  anyoni 
because  we  are  afraid  we  would  get  into  trouble.  In  order  to  maVcc 
the  report  of  any  value  we  must  name  limiting  strains;  and  what  we 
have  said  here  is  about  as  little  as  can  be   said. 

Mr.  StefTens : — Does  not  the  entire  matter  of  unit  stresses  amount 
briefly  to  the  fact  that  the  Committee  recommends  about  two-thirds  of 
the  elastic  limit  in  each  case  for  the  two  materials,  steel  and  wrought- 
iron,  as  shown  in  test  specimens,  assuming  a  grade  of  steel  with  an 
elastic  limit  of  39,000  lbs.  ? 

Mr.   Greiner: — It   means   something   like  that,   but   not   exactly. 

(The  motion  of  Mr.  Lindsay  to  omit  the  words  "and  one-half  of 
these  impact  allowances  for  slow  speed"  was  put  to  vote,  but  was 
not  carried.) 

Mr.  Stefifens :— Would  it  not  be  advisable  to  include  under  article  4 
a  note  in  parenthesis  (see  article  6)  that  will  call  specific  attention 
to  conclusion  6,  and  thus  eliminate  any  possible  ambiguity  as  to  the 
intention  of  the  conclusion? 

Mr.  Lum: — I   move  the   adoption  of  conclusion  4. 

(The  motion  was  carried.) 

Mr.  Greiner: — Conclusion  5  reads  as  follows:  "When  the  con- 
trolling factors  as  outlined  in  Article  2  are  not  good,  the  limiting 
strains  or  capacities  cannot  be  determined  by  any  general  rule,  as  they 
are  questions  of  actual  conditions,  judgment  and  experience,  supple- 
mented by  a  close  watch  on  the  structure  in   service." 

Past-President  Kelley: — If  there  is  no  objection,  conclusion  will  be 
considered  adopted. 

Mr.  Greiner : — The  Committee  desires  to  add  the  following  con- 
clusion, No.  6:  "It  is  of  the  utmost  importance  that  the  carryin.:? 
capacity  of  a  bridge  be  determined  only  by  a  bridge  engineer  of  sound 
judgment  and  experience  in  similar  questions,  and  the  foregoing  con- 
clusions   are    based    upon    this    assumption." 

Past-President  Kelley: — If  there  is  no  objection,  conclusion  6  will 
be  considered  adopted.  The  Committee  desires  that  the  convention 
take  up  next  the  article  on  "Classification  for  Operating  Purposes,"  on 
page  10,  of  Bulletin  97. 

Mr.  Greiner: — The  object  of  a  system  of  classification  of  bridges 
for  operating  purposes  is  the  presentation  in  a  clear  and  concise  form 
of  the  maximum  weight  of  engines  and  cars  which  may  be  allowed 
on  any  branch  or  part  of  a  railroad  in  order  that  the  operating  officials 
may   intelligently   assign   engines    for   regular    service,    control   the   inter- 
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change  of  cars  and,  in  case  of  a  blockade  from  any  cause,  regulate  the 
detouring  of  foreign  or  home  cars. 

Your  Committee  considers  it  desirable  that  a  uniform  system  of 
classification  be  used  by  all  railroads,  and,  although  some  roads  may 
prefer  a  modified  form  of  the  system  herein  proposed,  in  order  to  better 
meet  their  individual  requirements,  it  is  recommended  that  the  follow- 
ing scheme  be  generally  adopted : 

Bridges  should  be  classified  for  operating  purposes  according  to 
their  efficiencies  under  a  loading  of  the  type  outlined  in  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association  specification.s. 
The  efficiencies  should  be  indicated  by  figures  representing  either  the 
total  weight  or  driving  axle  weight  of  the  heaviest  permissible  engine 
of  the  specification  type,  and  these  figures  should  be  placed  on  the 
map  of  the  railroad  in  such  a  manner  as  to  show  at  a  glance  the 
capacity  of  the  weakest  structure  on  the  main  line,  branches  and  engine 
districts.  A  schedule  on  this  map  will  give  the  service  classes  of  en- 
gines and  cars  whose  operation  is  permitted  by  the  stated  ^efficiencies. 
Notes  on  the  map  will  indicate  restrictions  as  to  speed  and  double- 
headers,  and,  in  order  that  these  notes  may  not  be  overlooked,  an 
asterisk  may  be  placed  after  the  number  indicating  the  efficiency  on  that 
section  of  the  road  where  there  are  restrictions  as  to  double-headers 
and  speed. 

It  will  be  understood  this  classification  means  some  system  of 
classification  which  will  enable  the  operating  department  to  know 
speedily  and  without  loss  of  time  just  what  class  of  engines  can  be 
operated  over  the  different  territories  of  the  road,  and  the  Committee 
have  considered  the  method  outlined  in  this  Bulletin  as  perhaps  the 
simplest  means  to  this  end. 

Mr.  Ewing: — I  notice  this  simply  refers  to  capacity  of  engines. 
Should  reference  not  also  be  made  to  the  limiting  capacity  of  cars  over 
these  routes? 

Mr.  Greiner: — That  would  be  covered  by  the  efficiency.  You  note 
under  the  schedule  here  you  have  an  efficiency  of  225.  Under  the 
service  class  you  can  place  in  there  anything  that  can  be  run.  It  may 
be  a  consolidation  or  Mogul  type  of  engine,  crane  car  or  coal  car, 
or  anything  of  that  kind. 

Mr.   Berg: — Do   I  understand   these   efficiency  figures   are  arbitrary? 

Mr.   Greiner :— Just  arbitrary  assumptions  to  illustrate. 

Past-President  Kelley: — Unless  there  is  objection,  the  matter  under 
"Classification  for  Operating  Purposes,"  and  the  conclusion  on  page  12 
will  be  adopted. 

Mr.  Berg: — What  does  this  motion  carry  with  it? 

Mr.  Greiner : — Page  9,  the  classification  of  bridges  as  to  safe  carry- 
ing capacity,  and  the  conclusion  at  the  top  of  page  12  and  the  foot- 
notes. 
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Past-President  Kelley : — We  will  now  take  up  the  matter  relating 
to  "Inspection,  Reports  and  Records." 

Mr.  Greiner : — Regarding  the  report  of  the  Committee  as  sub- 
mitted here,  on  inspection,  reports  and  records  of  bridges,  I  desire  to 
state  that  it  is  not  a  full  committee  report.  It  is  merely  a  majority 
report.  There  are  four  members  of  the  Committee  who  have  not  ap- 
proved the  recommendations  made  here  on  the  ground  that  they  require 
perhaps  a  little  too  much  inspection,  and  the  Committee  believes  that  if 
this  question  is  referred  back  to  them  that  they  can  perhaps  improve 
upon  the  outline  contained  herein  and  make  a  much  more  satisfactory 
report  to   the  Association. 

Mr.  Ewing: — I  move  that  the  matter  under  inspection,  reports  and 
records  of  bridges,  be  referred  back  to  the  Committee  for  further  con- 
sideration. 

Mr.  Greiner : — The  last  matter  to  be  considered  by  your  Committee 
is  the  report  on  the  length  of  flat  spots  on  wheels.  The  limits  of  the 
length  of  flat  spots  to  cause  the  rejection  of  a  wheel,  according  to  the 
rules  of  the  M.  C.  B.  Association,  is  2^?  in.  The  effect  of  such  a 
spot  on  a  wheel  under  a  ioo,ooo-lb.  capacity  car,  moving  at  high  speed, 
is  very  bad,  and  it  has  been  recommended  that  the  M.  C.  B.  Associa- 
tion rules  be  changed  to  i^  in.  The  question  has  been  considered  by 
the  Executive  Committee  of  the  M.  C.  B.  Association  and  the  subject 
referred  to  the  Arbitration  Committee  of  that  Association,  with  instruc- 
tions to  confer  with  a  committee  from  the  American  Railway  Engi- 
neering and  Maintenance  of  Way  Association.  President  Johnston  has 
designated  the  Committee  on  Iron  and  Steel  Structures  to  act  with 
the  Arbitration  Committee  of  the  M.  C.  B.  Association  in  discussing 
this  particular  subject.  Consequently  the  Chairman  of  Committee  15 
appointed  Mr.  A.  J.  Himes,  Mr.  C.  D.  Purdon  and  Mr.  A.  D.  Page  as 
a  sub-committee  to  investigate  the  subject  in  connection  with  a  com- 
mittee of  the  Master  Car  Builders'  Association.  There  has  been  a 
meeting  of  the  joint  committee,  and  Mr.  Himes,  chairman  of  the  sub- 
committee,  will    read  the   progress   report   as   now   drawn   up. 

Mr.  A.  J.  Himes  (New  York,  Chicago  &  St.  Louis)  : — The  rules 
of  the  M.  C.  B.  Association  include  among  the  defects  of  car  wheels 
which  justify  renewals,  flat  spots  having  a  length  of  ■2.V2  in.  or  more. 
(See  pp.  5  and  7  of  the  edition  of  1907.)  This  rule  was  adopted  in 
1878.  At  that  time  the  maximum  freight  car  capacity  was  40,000  lbs., 
the  net  weight  of  a  car  of  that  capacity  was  22,000  lbs.,  making  a 
total  weight  of  62,000  lbs.,  or  7,750  lbs.  on  a  single  wheel.  At  the 
present  time  we  have  many  ioo,ooo-lb.  cars  in  service,  whose  gross 
weight,  including  the  permissible  overload  of  10  per  cent.,  is  about 
150,000  lbs.,  or  18,750  lbs.  per  wheel,  which  is  two  and  four-tenths  times 
the  wheel  load  30  years  ago.  It  is  ^  difficult  matter  to  say  what  has  been 
the  increase  in  maximum  speed  of  freight  trains  from  1878  to  the 
present  time,  but  it  probably  will  involve  no  great  error  if  we  assume 
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that   the    increase    has    been    from    20   miles    per    hour    to    40    miles    per 
hour,  or  100  per  cent. 

The  present  wheel  loads  approximate  the  maximum  capacity  of  the 
most  substantial  tracks  that  have  been  constructed,  and  the  deterioration 
of  material  and  surface  and  the  breaking  of  rails  have  been  so  great 
as  to  create  grave  apprehension  concerning  the  durability  of  the  track 
and  even  the  safety  of  the  trains. 

In  1905  the  Northw^est  Railway  Club  and  the  Western  Railway 
Club  recommended  a  reduction  of  the  2^/2  in.  limit  of  the  M.  C.  B. 
Association.  In  1906  the  Canadian  Railway  Club,  Central  Railway 
Club,  Car  Foreman's  Club  and  the  Pittsburgh  Railway  Club  also  recom- 
mended a  reduction  in  the  lirnit.'  All  of  these  were  rejected  by  the 
M.   C.   B.   Association. 

In  order  to  determine  the  economy  of  a  reduction  in  the  M.  C.  B. 
limit  it  is  necessary  to  know,  first,  the  probable  expense  involved  in 
such  a  reduction,  and  second,  the  amount  of  benefit  to  be  received. 

The  net  cost  of  renewing  a  pair  of  33-in.  cast-iron  wheels,  in 
eluding  labor  and  an  average  charge  for  brasses  of  $1.51  per  pair, 
is  $15.02  (see  page  35,  M.  C.  B.  rules,  1907).  Prior  to  the  appointment 
of  this  committee  no  records  had  been  kept  from  which  it  was  pos- 
sible to  make  an  estimate  of  the  increased  number  of  renewals  which 
might  be  occasioned  by  a  reduction  in  the  limit,  nor  of  any  other 
expense  incident  thereto.  On  December  20,  1907,  your  sub-committee 
held  a  joint  meeting  with  the  Arbitration  Committee  of  the  M.  C.  B, 
Association,  at  which  meeting  it  was  decided  to  gather,  during  the 
months  of  January  and  February,  of  this  year,  such  statistics  as  would 
permit  an  estimate  of  the  above-mentioned  renewals  and  expenses  to 
be  made. 

Although  the  period  for  the  gathering  of  these  statistics  expired 
February  29,  the  resuUs  have  not  yet  become  available  for  study.  It 
is  well,  however,  to  point  out  that  in  addition  to  the  increase  in 
number  of  renewals,  which  might  be  occasioned  by  a  reduction  in  the 
limit,  there  would  be  incurred  another  expense,  more  or  less  speculative, 
due  to  the  delay  of  loaded  cars   waiting  for  change  of  wheels. 

It  is  much  more  difficult  to  make  a  precise  estimate  of  the  benefits 
to  be  derived  from  a  reduction  in  the  limit  than  to  estimate  the  cost 
of  such  reduction,  although  the  latter  estimate  will  by  no  means  be 
precise. 

The  violence  of  the  blow  upon  the  track,  delivered  at  every  rotation 
of  a  flat  wheel,  is  a  matter  of  common  observation,  but  the  amount  of 
its  force  and  the  damage  done  thereby  are  very  hard  to  determine. 
It  is  easy  to  conceive  of  much  possible  damage  to  frogs  and  switches, 
to  rails,  of  occasional  broken  rails  and  likewise  of  damage  to  rolling 
stock  and  delays  to  traffic  and  injitries  to  the  surface  of  the  track, 
but  to  collect  statistics  of  specific  cases  of  such  damages,  and  conclusive 
evidence  of  the  cause  of  the  injury,   is   something  that   is  very   difficult 
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to  accomplish.  On  many  railroads  numerous  cases  of  broken  rails  are 
charged  indefinitely  to  flat  wheels,  but  admitting  the  correctness  of  the 
charge,  it  generally  appears  that  the  wheels  are  those  of  a  locomoHve 
or  a  tender,  carrying  loads  in  excess  of  those  on  ordinary  car  wheels 
and  having  spots  exceeding  in  length  the  M.  C.  B.  limit  of  2>2  in.  It 
is  quite  evident,  however,  that  if  a  locomotive  with  40,000  lbs.  on  an 
axle  is  the  cause  of  broken  rails,  a  heavily  loaded  gondola,  having 
about  the  same  weight  on  the  axles,  might  just  as  readily  produce  the 
same  effect. 

Verbal  evidence  of  non-specific  character  can  be  secured  in  great 
volume  from  roadmasters  and  trackmen  on  many  railroads. 

A  theoretical  discussion  of  the  force  of  the  impact  is  not  likely  to 
lead  to  any  very  practical  results  because  of  the  indefiniteness  of  the 
shape  of  the  spot  due  to  the  rounding  of  the  corners  by  wear,  also  to 
the  lack  of  knowledge  of  the  deflection  of  the  track  and  the  vibration 
of  the  springs  under  the  blow. 


The  kinetic  energy  of  the  impact  is  represented  by  the  expression 
J/2  Ml/,  where  M  represents  the  mass  and  v  the  velocity.  In  order  to 
show  a  loss  of  energy  there  must  be  a  change  of  velocity,  but  any 
perceptible  change  in  the  horizontal  velocity  of  a  moving  car,  due  to 
the  impact  of  the  flat  spot,  is  quite  inconceivable.  There  is,  however, 
a  change  in  the  vertical  velocity  of  the  load  as  the  flat  spot  comes 
in   contact  with   the  rail. 

But  while  we  cannot  estimate  the  force  of  the  blow,  we  do  know 
that  it  is  directly  proportional  to  the  weight  of  the  car  and  to  the 
square  of  the  velocity,  so  that  if  the  weight  has  increased  two  and 
four-tenths  times  in  30  years,  and  the  velocity  has  doubled,  the  force 
of  the  blow  is  now  nine  and  six-tenlhs,  or  say  ten  times  what  it  was 
in   1878. 
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The  geometrical  behavior  of  a  flat  wheel  is  illustrated  in  Figs,  i 
and  2 : 

The  load  P  may  be  considered  as  applied  at  the  center  C  of  the 
wheel.  When  the  corner  A  of  the  flat  spot  A  B  comes  in  contact  with 
the  rail,  the  center  C  rotates  about  A  as,  a.  center  until  the  flat  spot 
comes  in  contact  with  the  rail.  The  center  C  of  the  wheel  will  then 
rotate  about  5  as  a  center,  Fig.  2,  until  it  rises  to  its  former  height  r 
above   the   rail    and    then    continue    in    a    horizontal    line.     The    height    h 

is  equal  to  the  ordinate  d  of  the  flat  spot  and  to  r  versin     — .    This  is 

the  vertical  fall  due  to  the  flat  spot.  The  impact  occurs  as  the  corner 
B  conies  in  contact  with  the  rail  and  is  applied  in  the  direction  B'  C, 
through  the  corner  B'  and  the  center  C  of  the  wheel. 

The  value  ^2  Mv^  of  the  horizontal  kinetic  energy  must  be  reduced 
to  the  direction  B'  C ,  F"ig.  2.  The  velocity  in  this  direction,  as  the 
center  C  rotates  about  the  corner  A,  is  v  sine  a  Using  this  velocity 
in  the  expression  for  kinetic  energy  Ave  have  Vz  Mzr  sine"  a  as  the 
force  of  the  blow.     The  impact   due   to   gravity  is   very  small   and   may 

A'B' 
be    neglected.      Since    sine    a    is ,    it    is    seen    that    the    impact    is 

2  /■ 

proportional  to  the  square  of  the  length  of  the  flat  spot.  If  then  we 
wish  to  reduce  the  force  of  the  blow,  say,  to  one-fourth  of  its  present 
amount,  we  have  only  to  reduce  the  flat  spot  one-half,  or  to   ij4   in. 

It  will  be  said  that  the  rail  and  wheels  are  stronger  now  than 
in  1878  and  therefore  better  able  to  withstand  the  blow,  but  it  is  also 
true  that  the  rails  are  stiffer,  the  roadbeds  firmer  and  the  corresponding 
loss   of   elasticity  greatly   augments   the  blow. 

In  1889  the  specified  impact  test  for  car  wheels  was  140  lbs.,  falling 
12  ft.,  or  1,680  ft.  lbs.;  it  is  now,  for  700- lb.  wheels,  200  lbs.,  falling 
12  ft.,  or  2,400  ft.  lbs.,  an  increase  of  about  43  per  cent.  It  therefore 
seems  that  in  30  years  the  load  per  wheel  has  increased  240  per  cent., 
the  impact  from  a  flat  spot  960  per  cent,  and  the  specified  strength  of 
the  wheel  only  43  per  cent. 

Professor  Hancock,  of  Purdue  University,  has  made  a  very  care- 
ful study  of  the  mathematical  relations  existing  between  the  speed, 
impact  and  the  length  of  spot,  in  a  paper  upon  the  subject,  read  by 
him   before   the   Indiana   Engineering   Society. 

It  is  probable  that  some  practical  indication  of  the  force  of  the 
blow  may  be  secured  by  physical  measurements  and  it  is  suggested  that 
during  the  impact  experiments,  to  be  made  by  Professor  Turneaure, 
during  the  coming  season,  some  arrangement  be  made  to  observe  the 
effect  of  flat   spots  upon   steel  bridges. 

It  is  also  possible  that  some  direct  measurements  of  the  impact 
of   the   wheel   upon    the    rail   can   be    made.     In    the   proceedings    of   the 
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thirtieth  annual  convention  of  the  M.  C.  B.  Association  there  is  re- 
ported an  investigation  of  stresses  in  car  axles  in  which  the  maximum 
compression  of  the  car  springs  was  measured  by  means  of  a  small  rod, 
inserted  in  a  tightly  fitting  tube,  so  arranged  that  the  compression  of 
the  springs  would  permit  the  lower  end  of  the  rod  to  come  in  contact 
with  the  lower  bearing  of  the  spring  and  be  forced  up  into  the  tube, 
where  it  would  be  held  by  friction.  The  springs  were  calibrated  before 
and  after  the  experiment  and  from  the  measured  force  required  to  com- 
press the  springs,  the  same  as  indicated  by  the  rod,  the  maximum  com- 
pression of  the  springs,  during  a  journey  of  some  400  miles,  was 
deduced.  The  same  method,  with  proper  modifications,  might  be  used 
to  measure  the  effect  of  flat  spots. 

Attached  hereto  is  a  set  of  specification  for  an  apparatus  to 
determine  the  effect  of  flat  spots,  devised  by  Professor  Charles  C. 
Benjamin,  Dean  of  the  School  of  Engineering,  at  Purdue  University. 
Professor  Benjamin  estimates  that  if  the  railroads  will  furnish  the 
curved  rail,  shown  on  the  plan,  and  the  necessary  car  wheels,  with  the 
band  wheels  mounted  on  their  axles,  that  the  cost  of  installing  the 
apparatus  will  not  exceed  $1,500.  This  apparatus  appears  to  afford  the 
most  satisfactory  method  of  making  such  tests  that  has  so  far  been 
considered,  and  it  is  recommended  that  the  Association  take  some  action 
in  the  matter,  with  a  view  of  carrying  on  a  series  of  impact  tests,  for 
the  purpose  of  discovering  the  actual  force  of  the  impact  of  flat  wheels 
at  varying  speeds  and  different  loading. 

SPECIFICATIONS    FOR    FLAT    SPOT    APPARATUS. 

This  is  to  consist  of:  (i)  A  car  axle  and  wheels  of  standard 
type  mounted  in  the  usual  boxings  and  housings  and  provided  with 
a  driving  pulley  (D)  on  the  center  of  the  axle,  so  that  the  wheels  can 
be  driven  at  any  desired  speed  in  the  boxes  by  means  of  a  motor  or 
engine.  Caps  will  have  to  be  provided  on  the  lower  side  of  the  boxes 
to  keep  the  axle  in  place. 

(2)  A  standard  8o-lb.  rail  (R)  bent  to  conform  to  a  circle  of 
about  8  ft.  in  diameter  in  a  horizontal  plane.  This  rail  to  be  riveted 
through  the  web  to  ends  and  spokes  of  a  cast-steel  spider  (S)*.  The 
hub  of  this  spider  to  be  so  bored  and  faced  that  the  rail  will  revolve 
truly  in  a  horizontal  plane.  The  spider  to  be  centered  and  guided  by 
a  vertical  stud  and  ball  thrust  bearing.  The  flange  of  the  rail  (R)  to 
be  supported  and  guided  by  two  steel  rolls  with  hardened  trunnions 
turning  in  phosphor-bronze  bearings.  The  central  stud  and  the  sup- 
porting rails  to  be  attached  to  a  frame  (F)  or  box  casting  of  suitable 
strength.  This  frame  in  turn  is  to.  rest  on  a  timber  foundation  such 
as    to    give    it   a    certain    amount    of   elasticity.     Directly   underneath    the 


*Or  a  plate  web  of  boiler  steel  can  be   used. 
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car  wheel  and  supporting  rolls  the  hardened  steel  ball  (H)  will  receive 
the  impact  of  the  blow.  A  soft  metal  strip  (M)  is  fed  slowly  by 
rubber  rolls  between  the  ball  (H)  and  the  anvil  (A).  The  energy  of 
the  impact  will  thus  be  measured  by  a  series  of  indentations  in  the 
metal  strip.  This  strip  can  be  fed  at  any  desired  velocity  as,  for  in- 
stance, a  half-inch  for  each  revolution  of  the  car  wheel.  The  indenta- 
tions in  the  strip  can  be  calibrated  by  using  the  same  hardened  steel 
ball  under  an  impact  machine. 

(3)  The  other  car  wheel  is  supported  on  a  rotating  wheel  of  the 
same  diameter  as  the  wheel  itself. 

(4)  This  machine  possesses  the  following  advantages : 

(a)  The  energy  of  the  blow  caused  by  the  flat  spot  is  transmitted 
directly  through  the  rail  and  hardened  ball  to  the  record  without  inter- 
vening mechanism. 

(b)  The  conditions  existing  between  the_  wheel  and  the  rail  are 
practically  the  same  as  in  service,  the  curvature  of  the  rail  being  so  slight 
as  not  to  impair  the  accuracy  of  the  results. 

(c)  During  the  course  of  an  experiment,  it  is  possible  to  gradually 
increase  or  decrease  the  speed  and  thus  obtain  a  series  of  records  at 
different  speeds  on  the  same  metal  strip. 

(d)  Lx)comotive  drive  wheels  can  be  readily  substituted  for  the  car 
wheels,  if  desired  and  the  impact  of  either  flat  spot  or  counterbalance 
determined  in  a  similar  manner. 

(e)  This  apparatus  can  either  be  set  up  in  a  laboratory  and  the  car 
wheels  handled  by  a  crane  or  hoist,  or  it  can  be  located  in  connection 
with,  an  ordinary  track  so  that  the  forward  wheels  of  the  car  or  truck 
can  be  run  upon  this  mechanism  without  detaching  from  the  rest  of  the 
car. 

(f)  It  would  be  possible  with  this  machine  by  slight  modifications 
to  determine,  also,  the  effect  of  impact  from  a  locomotive  or  car  wheel 
upon  a  rail  supported  in  the  usual  manner  on  ties  and  ballast. 

I  miglit  say  that  the  M.  C.  B.  Association  makes  a  great  many 
brakeshoe  tests  at  Purdue  University,  and  has  some  apparatus  there 
for  that  purpose.  I  have  here  a  plan  and  description  of  the  machine 
mentioned,  and  Professor  Hancock's  paper,  both  of  which  I  will  leave 
on  the  table  for  those  who  may  care  to  look  at  them.  Professor  Ben- 
jamin is  present,  and  if  anyone  wishes  to  discuss  the  character  of  the 
suggested  experiments,  or  the  apparatus  for  making  them,  I  think  the 
Professor    would    be    very    glad    to    present    further    information. 

The  President:— I  think  it  would  be  proper  to  ask  Professor  Ben- 
jamin to  say  briefly  just  what  is  involved  in  the  proposed  form  of 
apparatus  to  make  the  test  referred  to  in  Mr.  Himes'  paper.  We  would 
be  very  glad  to  have  Professor  Benjamin  say  a  few  words. 

Professor  Benjamin: — Mr.  President,  Mr.  Himes  submitted  this 
matter  of  making  experiments  to  determine  the  impact  of  flat  spots  to 
me  some  weeks  ago,  and  I  prepared  sketches  of  which  he  speaks  and 
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specifications  for  an  apparatus  for  that  purpose.  The  difficulties  in' 
experimenting  on  a  problem  of  this  kind  on  an  ordinary  track  are 
apparent  because  there  are  too  many  wheels.  It  seems  to  be  necessary 
to  get  down  to  one  wheel,  on  which  you  can  make  flat  spots  of  different 
widths  and  be  able  to  record  the  effect  of  the  impact  of  just  that 
wheel  alone.  The  method  which  I  proposed  was  to  mount  an  ordinary 
truck  with,  we  will  say,  one  wheel  running  on  a  friction  wheel,  aftd 
the  wheel  at  the  other  end  of  the  axle,  resling  on  a  rail,  to  drive  this 
axle  by  means  of  a  variable  speed  motor  or  engine,  at  different  speeds ; 
to  have  the  rail  on  which  the  blow  should  be  delivered  curved  in  a 
horizontal  plane.  This  would  not  affect  materially  the  effect  of  the 
blow,  and  at  the  same  time  would  permit  the  rail  to  run  continuously 
underneath,  being  driven  by  the  friction  of  the  car  wheel.  Under- 
neath the  rail,  and  underneath  the  wheel  where  the  blow  would  be 
delivered,  to  have  a  recording  mechanism,  consisting  of  a  suitable  ham- 
mer, which  should  indent  a  strip  of  soft  metal.  These  indentations  can 
be  calibrated  by  an  impact  machine  so  as  to  determine  exactly  the 
number  of  foot-pounds  of  energy  that  are  absorbed.  It  would  be 
possible  to  run  this  machine  for  any  length  of  time,  to  get  any  number 
of  records  of  the  force  of  blows  delivered  by  a  flat  spot,  at  different 
speeds,  and  with  different  applied  weights  and  with  spots  of  different 
widths.  In  other  words,  it  seems  to  me  that  it  would  be  possible, 
with  such  an  apparatus,  to  answer  almost  any  question  with  regard  to 
the  amount  of  energy  in  the  blow  of  a  flat  spot.  The  same  apparatus 
could  be,  of  course,  used  for  counterbalance  blows  in  a  similar  man- 
ner, and  would  make  it  possible  to  give  a  practical  answer  to  this  very 
important  question.     I  thank  you. 

The  President : — The  whole  question  is  in  progress  form  and  the 
report  of  the  sub-committee  will  be  so  received,  for  the  information 
of  the  convention.  It  is  to  be  hoped  that  this  body,  with  the  Master- 
Car  Builders'  Association  acting  jointly  with  us,  that  the  tests  pro- 
posed may  be  carried  on,  preferably  at  Purdue,  because  the  Master 
Car  Builders'  Association  have  testing  apparatus  there. 

On  page  27  of  the  program  is  a  reference  to  a  discussion  by 
Mr.  A.  F.  Robinson,  Bridge  Engineer  of  the  Santa  Fe  Railway  on 
"Open  vs.  Ballast  Deck  Structures."  It  was  expected  that  this  paper 
would  form  part  of  the  discussion  on  the  report  of  the  Committee  on 
Iron  and  Steel  Structures,  and  would  be  taken  up  last  evening,  but  so 
much  time  was  taken  up  otherwise  that  it  was  not  reached.  As  a 
courtesy  to  Mr.  Robinson  the  Chair  will  now  afford  him  an  opportunity 
to  present  this  paper.  It  will  be  understood,  however,  that  the  dis- 
cussion on  this  paper  should  be  by  correspondence  or  by  filing  written 
discussions   thereof. 
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Mr.  A.  F.  Robinson  (Santa  Fe)  : — Gentlemen,  as  an  introduction  to 
the  paper  referred  to,  I  have  made  a  few  notes,  which  I  will  read. 

Derailments  are  certain  to  occur  on  our  bridges,  and  many  of 
these  result  in  the  loss  of  human  life  and  the  destruction  of  much 
valuable  property.  In  most  of  these  cases  the  loss  of  human  life 
would  have  been  infrequent,  and  the  property  loss  comparatively  small, 
if  the  same  derailments  had  occurred  on  an  ordinary  ballasted  roadway. 

A  good  many  years  ago  I  became  convinced  that  open  decks  should 
not  be  used  on  our  main  or  trunk  lines.  At  that  time,  however,  a 
good  grade  of  hardwood  for  ties  could  be  obtained  for  from  $12  to  $18 
per  1,000  feet  board  measure,  while  creosoting  plants  were  few  and  the 
cost  of  treating  softwoods  was  relatively  high.  Plenty  of  skilled  labor 
could  be  obtained  at  moderate  prices.  The  ruling  loads  in  use  were 
not  excessively  heavy  and  the  need  for  some  kind  of  permanent  bridge 
floor,  which  should  be  low  in  annual  maintenance  cost,  was  not  so 
pressing  as   it  became  in  later  years. 

At  present,  however,  the  conditions  have  changed  entirely.  The 
supply  of  even  second  grade  hardwood  for  ties,  at  almost  any  price, 
is  practically  exhausted.  The  demand  for  softwoods,  such  as  Oregon 
or  Douglas  fir  and  longleaf  yellow  pine,  is  rapidly  exhausting  this 
supply.  Within  relatively  a  few  years  we  will  be  obliged  to  depend 
on  the  poorer  grades  of  softwood  for  our  bridge  decks.  On  account 
of  the  great  demand  and  rapid  exhaustion  of  the  supply  the  cost  of  the 
timber   will   constantly   increase. 

Under  the  present  heavy  rapid  traffic  the  softwoods  have  developed 
serious  weakness.  Instead  of  changing  the  type  or  form  of  floor  most 
of  our  designing  engineers  have  increased  the  size  of  the  ties  and 
reduced  the  clear  space  between  same.  The  requirements  of  our  bridge 
specifications  are  an  advanced  example  of  this  tendency.  At  the  time 
these  specifications  were  adopted  the  speaker  expressed  the  opinion  that 
decks  designed  and  maintained  under  these  specifications  would  cost 
more  per  foot  of  track  per  annum  than  ballasted  decks,  which  are 
higher  in  first  cost  than  the  open  decks  used.  The  paper  presented  by 
the  writer,  which  appears  in  Bulletin  No.  96,  gives  a  demonstration  of 
this  proposition. 

It  should  be  understood  that  in  designing  ballasted  decks  for  our 
bridges,  whether  of  creosoted  timber  or  of  metal,  the  floor  should  be  so 
arranged  that  all  parts  of  the  work  can  be  examined,  cleaned  or  painted 
without  disturbing  the  ballast;  further,  they  should  be  so  designed  that 
no  portion  of  the  metal  work  will  collect  moisture  and  the  ballast  not 
touch  the  metal  work  at  any  point.  All  of  the  ballast  floors  designed  by 
the  speaker  are,  he  thinks,  able  to  meet  these  requirements. 

The  speaker  has  presented  this  paper  hoping  that  it  might  bring  out 
a   full   discussion   on   the   subject,   which   would   give   the   results   of  the 
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experience    of    many    engineers    who    have    given    this    matter    careful 
thought. 

The  President : — It  is  understood,  of  course,  that  the  Raper  pre- 
sented by  Mr.  Robinson  is  not  an  official  part  of  the  Iron  and  Steel 
Structures  report,  but  is  a  dicussion  thereon,  and  any  gentleman  who 
now  desires  to  take  up  the  question  as  a  part  of  the  discussion  can 
do  so;  otherwise  the  Chair  will  simply  say  that  the  discussion  offered 
by  Mr.  Robinson  becomes  part  of  the  record  of  this  meeting  and 
members  who  desire  to  do  so  may  take  up  the  discussion  by  corre- 
spondence. 


REPORT  OF  COMMITTEE  NO.   II— ON   BALLAST- 
ING. 

(Bulletin    96.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Ballasting  reports  that  the  principal  thing  ac- 
complished since  the  last  convention  has  been  a  revision  of  the  section 
for  crushed  rock  and  slag  proposed  by  the  Committee  in  its  report  to 
that  convention,  and  the  ascertainment  of  the  opinions  of  the  members 
of  the  Association  as  to  the  proper  slope  for  crushed  rock  and  slag 
ballast,  by  means  of  a  letter-ballot. 

A  meeting  of  the  Committee  was  held  in  Chicago,  September  26, 
1907,  the  following  members  being  present :  Messrs.  Hanna,  Paquette, 
Bergen  and  Hicks. 

The  slope  shown  upon  the  sections  for  crushed  rock  and  slag,  as 
now  presented  by  the  Committee,  is,  it  will  be  noticed,  not  in  accordance 
with  the  vote  of  the  convention  last  year.  This  vote  of  the  convention, 
instructing  that  rock  slope  be  made  1Y2  to  i,  was  something  of  a  sur- 
prise to  the  Committee,  in  view  of  the  fact  that  discussion  of  the  matter 
of  slope  in  1906  indicated  a  preference  of  the  majority  of  the  members 
for  a  slope  of  2  to  i.  There  was  practically  no  discussion  of  the 
motion,  made  by  Mr.  W.  C.  Cushing,  of  the  Pennsylvania  Lines  West, 
favoring  the  iy'2  to  i  slope,  so  that  the  Committee  felt,  particularly  as 
the  attendance  just  at  the  time  was  rather  small,  that  the  vote  might 
not  be  representative.  After  some  correspondence  with  Mr.  Cushing, 
from  which  it  appeared  that  his  motion  was  offered  under  a  misap- 
prehension of  the  facts  relating  to  some  tests  made  on  the  Pennsylvania 
Railroad,  it  was  decided  by  the  Committee  to  send  out  the  following 
circular: 

"Do  you  approve  the  slope  of  2  to  i,  for  Crushed  Rock  and  Slag, 
Classes  A  and  B? 

''If  you  do  not  approve  of  the  2  to  i  slope,  what  slope  do  you 
think  should  be  used? 

"(The  slag  to  which  this  section  is  adapted  is  broken  slag,  similar 
in  its  qualities  to  crushed   rock.) 

"Referring  to  sections  for  Gravel,  Cinders,  Chats,  etc.,  Classes  A, 
B  and  C>  ^P  you  approve  the  use  of  the  3  to  i  slope  with  this  material? 
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"If  you  do  not  approve  of  the  3  to  i  'slope,  what  slope  do  you  think 
should  be  used? 

"Referring  to  sections  for  Cementing  Gravel  and  Chert,  etc..  Classes 
B  and  C,  do  you  approve  of  the  use  of  3  to  i  slope  with  this  material? 

"If  you  do  not  approve  of  the  3  to  i  slope  with  this  material,  what 
slope  do  you  think  should  be  used? 

"The  argument  in  favor  of  the  slopes,  shown  on  the  Committee's 
sections,  is  that  there  is  more  stability  to  that  part  of  the  ballast  outside 
of  the  ties  if  the  flatter  slope  is  used.  While  this  portion  of  the  ballast 
may  do  but  little  work  in  itself  in  keeping  the  track  in  line  and  surface, 
it  serves  to  support  and  confine  the  ballast  which  does  act  directly 
against  the  tie.  Experience  has  shown  that  ballast  largely  left  to  itself 
will  take  approximately  the  slopes  shown  on  Committee's  sections;  there- 
fore, if  the  ballast  is  dressed  to  those  slopes  to  begin  with,  there  will 
be  less  disturbance  of  it  afterward,  and,  consequently,  less  track  labor 
need  be  given  to  trimming  it. 

"The  argument  against  the  slopes  shown  is  that  more  ballast  is 
required  to  begin  with;  consequently,  track  built  to  these  sections  will 
be  more  expensive. 

"As  to  the  facts  in  the  matter,  the  only  tests  of  the  actual  working 
of  ballast  slopes,  of  which  the  Committee  knows  at  this  time,  are  some 
made  by  the  Pennsylvania  Railroad,  described  by  W.  C.  Gushing,  of 
that  road,  in  his  discussion  on  the  Ballasting  Committee's  report,  con- 
tained in  Vol.  7,  1906  Proceedings  of  this  Association.  On  page  102  and 
on  page  103,  are  shown  a  number  of  sections  of  different  slopes ;  all 
of  which  are  said  by  Mr.  Gushing  to  have  been  satisfactory  in  service. 
Figuring  the  slopes  shown  on  those  sections,  they  are  found  to  vary 
from  1.68  to  I,  the  steepest;  to  2.24  to  i,  the  flattest;  the  average  being 
1.99  to  I.  The  Committee  has  considered  that  these  sections  supported 
their  conclusions.  While  Mr.  Gushing  offered  a  motion,  which  was 
passed  by  the  1907  convention,  changing  the  slope  to  lYz  to  i,  he  has 
since  advised  the  chairman  of  the  Committee  that  he  approves  of  x 
flatter  slope  and  has  suggested  1^4  to  i.  Since  the  author  of  that  mo- 
tion himself  wishes  to  see  the  slope  changed,  the  Committee  feels  free 
to  adopt  a  flatter  slope  than  1^2  to  i,  provided  it  is  approved  by  a  ma- 
jority of  the  membership." 

Replies    to    this    circular    showed    the    following    result : 

RESULT    OF    LETTER-BALLOT    ON    BALLAST    CROSS-SECTIONS. 

Crushed  Rock  and  Slag,   Classes  A   and  B: 

Yeas,    79;    No,    21. 
Suggested  Slopes: 

i>^  to  1 :  14  votes. 

154  to  I  :  7  votes. 

2I/2  to  I :  I  vote. 

3      to  I  :  I  vote. 
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Gravel,  Cinders,  Chats,  etc.,  Ciasses  A,  B  and  C : 
Yeas,  83;   No,   17. 

Suggested  Slopes: 

i^  to  I :  II  votes. 

2      to  1 :  7  votes. 

2y2  to  I :  I  vote. 

Cementing  Gravel  and  Chert,  Classes  B  and  C: 

Yeas,  69;  No,  24;  Not  voting,  7. 

Suggested  Slopes: 

i^  to  I :  II  votes. 

2      to  1 :  18  votes. 

2j^  to  I  :  3  votes. 

Your  Committee  felt  that  this  result  was  strong  support  of  the 
position  it  had  taken  in  1907,  and  accordingly  prepared  the  following 
sections,  for  which  it  asks  the  approval  of  this  convention. 


~Pro^ide,    di"' 


I     Se/e^^  cocr^-s^  s/o^e  /or-  cr?^/  of  £?f-ey/rj_ 

C/-iJs/?ec/  /foe A  &  S/cf^  C/ass  /7  '  /  '        - 


"% 


Crushec/  /Pock  S^  3/ar^  C/erss  3. 


NoTC     7'he  S/t7^  w/?/ch  s/?Oiy/c/  /je-  c/r-e.rs'ec/  /o  ^ec//or?  s/70^^//?  /br- 
Cr'i/s/7ec/  /?oc/r  a/7c/  S/o'^.  /s  A/^o/re/?  s/a^,  s/>7?//:7/~  //?  //s  c/yaro'C/^e^  /o 
Cr~c/s/7e<y  /foaA.   (Fz-cr/yi/Ay/e^  S/a^  s/?o^/af  Ae  c/rcsse^/  /o  sec //or?  s/?£»v/? 
for  0/"ari/e/,  C/hc/ers,  C/7<3'/s.   e/c 
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CONCLUSION. 

Your    Committee    recommends   the    adoption    of   the   ballast    sections 
for  crushed  rock  as  being  good  practice. 

Respectfully    submitted, 

John   V.    Hanna,    Chief   Engineer,    Kansas    City   Terminal    Ry.,    Kansas 

City,  Mo.,  Chairman. 
C.  A.  Paquette,  Assistant  Chief  Engineer,  Cleveland,  Cincinnati,  Chicago 

&  St.  Louis  Railway,   Cincinnati,   O.,   Vice-Chairman. 
WiLLARD  Beahan,  Assistant  Engineer,  Lake  Shore  &  Michigan  Southern 

Railway,  Cleveland,  O. 
W.  G.   Bergen,  Assistant  to   Chief  Engineer,  New  York,  Chicago  &  St. 

Louis  Railway,  Cleveland,  O. 
W.  B.   Causey,  Superintendent,  Chicago  &  Alton  Railway,  Bloomingion, 

111. 
J.  B.  Dickson,  Assistant  to  General  Manager,  Erie  Railroad,  New  York, 

N.  Y. 
G.  D.  Hicks,  Superintendent,   Nashville,  Chattanooga  &   St.   Louis   Rail- 
way, TuUahoma,  Term. 
Alfred  Jackson,  Resident  Engineer,  Great  Northern  Railway,   St.   Paul, 

Minn. 
B.   C.   Milner,    Contracting  Engineer,    Louisville,   Ky. 
A.  F.  Rust,  Resident  Engineer,  Kansas  City  Southern  Railway,  Kansas 

City,  Mo. 

F.  J.  Stimson,  Engineer  Maintenance  of  Way,  Grand  Rapids  &  Indiana 

Railway,   Grand   Rapids,   Mich. 

G.  M.    Walker,    Jr.,    Assistant    Engineer,    Kansas    City    Belt    Railway, 
Kansas  City,   Mb. 

Committee. 


DISCUSSION. 

The  President : — The  report  of  the  Committee  on  Ballasting  is  be- 
fore you;  it  includes  an  exhibit  of  certain  cross-sections  for  different  types 
of  ballast— crushed  rock  and  slag,  Classes  A,  B  and  C.  The  Secretary 
read  the  conclusion  of  the  Committee,  which  will  -then  be  open  for  dis- 
will  read  the  conclusion  of  the  Committee,  which  will  then  be  open  for 
discussion  and   develop  the  main   features   of  the  report. 

The  President: — In  the  absence  of  both  the  chairman  and  vice-chair- 
man of  the  Committee,  Mr.  W.  J.  Bergen  will  present  the  report  of  the 
Committee : 

Mr.  W.  J.  Bergen  (New  York,  Chicago  &  St.  Louis)  :— When  the 
work  of  preparation  of  the  cross-section  for  rock  ballast  was  undertaken 
it  was  found  that  a  vote  had  been  passed  at  the  last  convention  stipulating 
a  slope  of  iJ/2  to  I  for  rock  ballast.  It  appeared  to  the  Committee  at  that 
time,  owing  to  the  small  attendance,  that  it  was  rather  a  snap  judgment, 
and  in  view  of  previous  discussions  at  former  conventions  it  was  thought 
that  possibly  it  was  a  mistake.  The  question  was  therefore  submitted 
to  letter-ballot  of  the  members,  with  the  results  given  in  the  body  of  the 
report.  It  was  found  that  the  previous  sections  submitted,  with  slopes  of 
2  to  I,  etc.,  were  sustained,  and  also  that  there  was  a  very  decided  prefer- 
ence for  a  slope  of  2  to  i  for  rock  ballast,  and  as  Mr.  W.  C.  Cushing.  who 
I  believe  was  the  member  who  proposed  1J/2  to  i,  was  willing  that  the 
slope  should  be  advanced  to  2  to  i,  it  seemed  to  the  Committee  that  it  was 
preferable  to  prepare  the  seel  ion  in  that  form.  It  is,  therefore,  submitted 
with  a  slope  of  2  to  i,  instead  of  i^X  to  i,  as  adopted  at  the  last  conven- 
tion. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — Mr.  Chairman,  this  recom- 
mendation of  the  Committee  on  Ballasting  is  supplementary  to  the 
action  of  the  Association  heretofore  taken  in  regard  to  ballast  sections 
for  cementing  gravel,  cinders,  chats,  chert,  etc.  At  the  time  cross- 
sections  for  crushed  rock  and  slag  were  submitted,  there  were  certain 
questions  that  arose,  and  this  part  of  the  Committee's  report  was  re- 
turned to  it  for  further  consideration,  and,  subsequently,  a  letter-ballot. 
The  report  of  the  Committee,  as  now  presented,  is  simply  endorsing, 
by  vote  of  the  Association,  these  sections  as  good  practice.  If  these 
sections  are  adopted,  we  will  then  have  the  series,  as  previously  pub- 
lished in  the  Manual,  supplemented  by  adding  ci-ushed  rock  and  slag 
sections  and  making  the  series  practically  complete  under  these  condi- 
tions. I  think,  therefore,  it  is  desirable  that  the  conclusions  be  passed 
as  recommended  by  the  Committee. 
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The  President : — The  question  is  upon  the  adoption  of  the  conclusion 
of  the  Committee. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — I  move  the  adoption 
of  conclusion. 

(The  motion  was  carried.) 

The  President: — The  Committee  is  dismissed  with  the  thanks  of  the 
convention. 

Mr.  D.  MacPherson  (Transcontinental  Railway — by  letter)  : — The 
Committee  recommends  slopes  of  2  to  i  for  crushed  rock  and 
slag  ballast,  on  the  grounds  that  "experience  .has  shown  that  ballast  left 
to  itself  will  take  approximately  that  slope."  In  proof  of  this  they  cite 
tests  made  by  the  Pennsylvania  Lines,  described  by  W.  C.  Cushing,  on 
pp.  102  and  103  of  Vol.  7,  1906  Proceedings.  It  does  not  seem  entirely 
clear,  from  Mr.  Cushing's  remarks  therein  quoted,  whether  the  measure- 
ments of  slopes  were  taken  at  points  where  the  ballast  had  been  carefully 
dressed  up  for  inspection,  or  whether  it  was  in  normal  condition.  At  all 
events,  Mr.  Cushing,  who  knew  the  conditions,  now  suggests  only  a 
slope  of  1^4  to   I,  instead  of  2  to   i,  proposed   by  the  Committee. 

An  amendment  was  carried  at  the  last  meeting  fixing  slopes  for 
crushed  rock  and  slag  at  i^  to  i,  and  it  appears  only  reasonable  to 
suppose  that  such  ballast  will  stand  at  a  steeper  slope  than  ordinary 
earth  embankments.  Additional  material  to  make  the  slopes  flatter  is 
only  wasted.  Crushed  rock  is  good  but  expensive  ballast,  and  if  we 
wish  to  encourage  the  railroads  in  its  use,  we  should  make  our  stand- 
ard sections  as  economical  as  possible,  consistent  with  good  practice; 
particularly  should  this  be  the  case  now,  when  retrenchment  is  the  order 
of  the  day  on  most  roads.  To  make  ballast  slopes  2  to  i  instead  of 
ij^  to  I  means  about  200  yards  per  mile  extra  ballast  which  would  b< 
A  poor  method  of  retrenchment. 


REPORT  OF  COMMITTEE   NO.   VII— ON   WOODEN 
BRIDGES  AND  TRESTLES. 

(Bulletin   96.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

The  work  assigned  by  the  Board  of  Direction  is  indicated  in  the 
following  outline : 

(1)  Co-operate  with  the  Committee  on  Structural  Materials  of  the 
American  Society  for  Testing  Materials  with  a  view,  if  possible,  to 
the  preparation   of  a   standard   specification    for   structural   timbers. 

(2)  Continue  the  compilation  of  data  upon  the  cost  of  construc- 
tion, maintenance  and  life  of  ballast-floor  trestles  of  the  different  types 
now  in  use,  with  designs   explanatory  of  the  types   considered. 

(3)  Extend    list    of    recommended    safe    unit    stresses    for   timber. 

(4)  Revise  report  on  Classification  of  the  Washington  or  North- 
west timbers  and  recommend  standard  names  for  principal  varieties 
in  use  for   railroad  .structural  work. 

(5)  Study  the  methods  of  preserving  structural  timber,  their  cost 
and  efficiency,  and  their  influence  upon  the  strength  of  the  timber, 
conferring  with  the  Committee  on  Ties  relative  to  methods  of  treatment. 

After  personal  conferences  in  some  cases  and  preliminary  correspond- 
ence in  others,  the  following  sub-committees  were  appointed,  their  num- 
bers corresponding  to  those  in  the  preceding  out'ine  of  work: 

(1)  A.  L.  Bowman,  Chairman;  R.  D.  Coombs,  Hans  Ibsen. 

(2)  S.  S.  Roberts,  Chairman ;  I.  O.  Walker,  B.  A.  Wood. 

(3)  James   Keys,   Chairman ;   R.   D.    Coombs,   H.   S.   Jacoby,  W.   F. 

Steffens. 

(4)  F.  T.  Darrow,  Chairman ;  H.  G.  Fleming. 

(5)  F.  H.  Bainbridge,  Chairman;  W.  F.  Steflfens,  C.  C.  Wentworth. 

COMMITTEE  MEETINGS. 

Three  meetings  of  the  Committee  were  held  in  Chicago,  March  19,  20 
and  21,  1907,  at  the  time  of  the  last  annual  convention,  to  consider  par- 
ticularly the  continuation  of  work  on  ihe  two  items  marked  (i)  and  (3) 
in  the  outline  given  above.  The  following  members  were  "present :  R. 
D.  Coombs,  Hans  Ibsen,  H.  S.  Jacoby,  James  Keys,  W.  F.  Steffens  and 
I.    O.   Walker.     On   March  20  a  joint  meeting  was   held   with  the  sub- 
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committee  on  Bridge  and  Trestle  Timbers  of  Committee  Q  of  the 
American  Society  for  Testing  Materials,  consisting  of  seven  members,  of 
whom  W.  K.  Hatt,  D.  W.  Lum  and  A.  F.  Robinson  were  present.  The 
Chairman  of  Committee  Q,  Dr.  Hermann  von  Schrenk,  was  also  in 
attendance. 

During  the  year  Sub-Commiltee  No.  i  held  four  formal  meetings 
at  New  York,  on  August  i6,  August  26,  October  8  and  October  26,  respect- 
ively, A.  L.  Bowman  and  R.  D.  Coombs  being  present  at  each  meeting. 

Sub-Committee  No.  2  held  two  meetings,  one  at  Jackson,  Tenn.,  on 
June  3,  attended  by  all  the  members,  and  the  other  at  Paducah,  Ky.,  on 
November  10,  attended  by  S.  S.  Roberts  and  I.  O.  Walker. 

The  Chairman  of  Sub-Committee  No.  5,  F.  H.  Bainbridge,  attended 
the  meeting  of  the  Committee  on  Ties  at  Chicago  on  June  14,  to  confer 
on  plans  to  carry  out  the  instructions  of  the  Board  of  Direction.  That 
Committee  appointed  a  sub-committee  on  the  Treatment  of  Timber,  con- 
sisting of  W.  W.  Curtis,  J.  D.  Isaacs  and  Dr.  Hermann  von  Schrenk.  A 
joint  meeting  was  held  at  Chicago  on  October  28  to  consider  specifica- 
tions for  the  treatment  of  timber,  W.  W.  Curtis,  Dr.  Hermann  von 
Schrenk,  F.  H.  Bainbridge  and  C.  C.  Wentworth  being  in  attendance. 

BRIEF  REVIEW  OF  THE  REPORT  OF  1907. 

Specifications  for  Workmanship  for  Pile  and  Frame  Trestles  to  be 
Built  Under  Contract  were  submitted  and  after  amendment  in  several 
details  they  were  approved  as  good  practice.  (See  Proceedings,  Vol.  8, 
pp.  398-400,  with  amendments  on  page  397) 

The  definitions  of  Standard  Defects  of  Structural  Timber  were 
approved  without  change.     (See  Proceedings,  Vol.  8,  pp.  401-407.) 

The  Standard  Names  for  Structural  Timbers  caused  some  discussion 
and  it  was  voted  to  accept  this  part  of  the  report  as  a  report  of  progress. 
(See  Proceedings,  Vol.  8,  page  408.) 

The  balance  of  the  report  contained  a  List  of  References  to  Tests 
of  American  Structural  Timber,  prepared  for  the  convenient  use  of 
members  of  the  Association.  (See  Proceedings,  Vol.  8,  pp.  409-416,  in- 
clusive.) 

STANDARD    SPECIFICATIONS    FOR    BRIDGE    AND    TRESTLE 

TIMBERS. 

The  principal  part  of  these  specifications  was  adopted  informally  at 
the  joint  meeting  with  a  sub-committee  of  Committee  Q  of  the  American 
Society  for  Testing  Materials,  referred  to  above.     After  that  the  specifi- 
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cations  received  careful  consideration  by  our  Sub-Committee  No.  i  and 
as  now  submitted  differ  in  various  details  from  the  report  which  was 
presented  last  May  for  adoption  by  the  American  Society  for  Testing 
Materials.  These  differences  are  stated  separately  for  conv^ient  refer- 
ence during  the  discussion  of  the  report. 

BALLAST-FLOOR  TRESTLES. 

A  circular  letter,  containing  26  questions,  was  prepared  by  Sub- 
Committee  No.  2  and  was  sent  by  the  Secretary  of  the  Association  to  250 
officers  of  different  railroads  in  the  United  States  and  Canada.  A  copy 
of  the  questions  accompanies  the  report.  The  29  replies  received  repre- 
sent 24  railroads,  only  9  of  which,  however,  use  wooden  trestles  with 
ballast  floors.  The  report  embodies  the  essential  facts  contained  in  the 
replies. 

SAFE   UNIT    STRESSES    FOR    STRUCTURAL   TIMBERS. 

Sub-Committee  No.  3  prepared  a  list  of  questions  referring  to  unit 
stresses  now  in  use  and  the  results  of  observations  on  wooden  trestles 
that  should  be  considered  in  determining  safe  values.  The  circular, 
issued  on  July  6,  was  sent  by  the  Secretary  of  the  Association  to  many 
of  the  members  and  to  some  consulting  engineers  not  connected  with 
the  Association.  The  data  secured  are  contained  in  the  statement  on 
another  page  and  in  a  series  of  diagrams. 

It  is  believed  that  the  adoption  of  unit  stresses  for  structural  tim- 
bers should  be  preceded  by  a  thorough  discussion,  and  the  information 
received  is  presented  in  its  present  form  as  a  progress  report,  primarily 
for  the  purpose  of  stimulating  such  a  discussion. 

THE  PRESERVATION  OF  STRUCTURAL  TIMBER. 

The  report  on  this  subject  contains  the  principal  results  of  the  study 
of  the  several  topics  assigned  to  Sub-Committee  No.  5.  In  accordance 
with  instructions,  the  general  specifications  relating  to  the  method  of 
treatment  were  prepared  after  a  conference  with  selected  representatives 
of  the  Committee  on  Ties,  as  indicated  above  under  the  head  of  com- 
mittee meetings.     It  is  presented  for  discussion  as  a  progress  report. 

CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  conclu- 
sions : 

(i)  That  the  Standard  Specifications  for  Bridge  and  Trestle  Timbers 
be  approved  as  good  practice. 
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(2)  That   the  Revised   Specifications   for   Piling  be  approved. 

(3)  That  there  be  added  to  the  definitions  of  Standard  Defects  of 
Structural  Timber  the  following: 

16.  Ring  Shake. — An  opening  between  annual  rings. 

17.  Through  Shake. — A  shake  which  extends  between  two 
faces  of  a  timber. 

Respectfully  submitted, 

Henry   S.  Jacoby,  Professor  of  Bridge  Engmeering,  Cornell  Universitv. 

Ithaca,  N.  Y.,  Chairman. 
James  Keys,  Assistant  Engineer,  Union   Pacific  Railroad,   Omaha,   Neb., 

Vice-Chairman. 
F.  H.  Bainbridge^  Resident  Engineer,  Chicago  &  Northwestern  Railway, 

Clinton,  Iowa. 

A.  L.  Bowman,  Consu'ting  Engineer,  New  York,  N.  Y.      - 

R.  D.  Coombs,  Structural  Engineer,  Pennsylvania  Tunnel  &  Terminal 
Railroad,  New  York,  N.  Y. 

F.  T.  Darrow,  Principal  Assistant  Engineer,  Chicago,  Burlington  & 
Quincy  Railway,  Lincoln,  Neb. 

H.  G.  Fleming,  Civil  Engineer,  St.  Louis,  Mo. 

Hans  Ibsen,  Bridge  Engineer,  Michigan  Central  Railroad,  Detroit,  Mich. 

S.  S.  Roberts,  Assistant  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 

W.  F.  Steffens,  Engineer  Bridges  and  Buildings,  South  &  Western  Rail- 
road, Johnson  City,  Tenn. 

I.  O.  Walker,  Assistant  Engineer,  Nashvi'le,' Chattanooga  &  St.  Louis 
Railway,  Paducah,  Ky. 

C.  C.  Wentworth,  Principal  Assistant  Engineer,  Norfolk  &  Western 
Railway,  Roanoke,  Va. 

B.  A.  Wood,  Resident  Engineer,  Mobile  &  Ohio  Railroad,  Mobile,  Ala. 

Committee. 

POSTSCRIPT. 

Since  this  report  was  put  in  type,  the  announcement  was  received 
that  on  January  22  the  Yellow  Pine  Manufacturers  Association  adopted, 
with  but  slight  modification,  the  Specifications  for  Structural  Timber 
adopted  September  i  by  the  American  Society  for  Testing  Materials. 
A  committee  was  also  appointed  to  confer  with  committees  of  the  Amer- 
ican Institute  of  Architects,  the  American  Society  ior  Testing  Materials 
and  of  this  Association  for  the  purpose  of  reviewing  the  specifications 
and  adjusting  differences.  This  action  indicates  a  desire  to  cooperate 
definitely  in  the  effort  to  secure  uniform   specifications. 


STANDARD    SPECIFICATIONS    FOR    BRIDGE    AND    TRESTLE 

TIMBERS. 

(to  be  applied  to  solid  members  and  not  to  composite  members.) 

1.  Except  as  noted,  all  timber  shall  be  cut  from  sound  live  trees 
and  sawed  full  size,  shall  be  square  edged,  close  grained,  solid  and  out 
of  wind;  free  from  defects,  such  as  injurious  ring  shakes  and  crooked 
grain,  unsound  or  loose  knots,  knots  over  2y2  in.  in  diameter,  knots  in 
groups,  decay,  large  pitch  pockets,  or  other  defects  that  will  materially 
impair  ils  strength. 

NO.    I   grade. 

LONGLEAF   YELLOW    PINE   AND   DOUGLAS    FIR. 

2.  Shall  show  not  less  than  85  per  cent,  heart  on  each  of  the  four 
sides,  measured  across  the  sides  anywhere  in  the  piece ;  knots  greater 
than  i^  in.  in  diameter  will  not  be  permitted  at  points  within  4  in. 
of  the  edges  of  the  piece. 

3.  Shall  show  not  less  than  85  per  cent,  heart  on  each  of  the  four 
sides,  measured  across  the  sides  anywhere  in  the  piece. 

4.  Shall  show  not  less  than  75  per  cent,  heart  on  each  of  the  four 
sides,  measured  across  the  sides  anywhere  in  the  piece.  No  knots  will 
be  permitted  in  the  corners  of  the  posts. 

5.  Shall  show  one  face  all  heart;  the  other  face  and  two  sides  sha'l 
show  not  less  than  85  per  cent,  heart,  measured  across  the  faces  or  sides 
anywhere  in  the  piece;  to  be  free  from  knots  ij^  in.  and  over  in  diameter. 

6.  Shall  show  not  less  than  80  per  cent,  heart  on  two  faces ;  to  be 
free  from  knots  over   1J/2  in.  in  diameter. 

NO.    2    GRADE. 

LONGLEAF    YELLOW    PINE,    SHORTLEAF   PINE,    DOUGLAS   FIR    AND   WESTERN    HEM- 
LOCK. 

7.  Shall  show  not  less  than  70  per  cent,  heart  on  each  of  the  four 
sides,  measured  across  the  sides  anywhere  in  the  piece ;  one-inch  wane 
on  one  corner  or  one-half-inch  wane  on  two  corners  will  be  permitted. 
Knots  shall  not  exceed  in  largest  diameter  one-fourth  of  the  width  of 
the  side  in  which  they  occur,  and  knots  greater  in  diameter  than  2  in. 
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will  not  be  permitted  within  4  in.  of  an  edge  of  the  piece.     Ring  shakes 
shall  not  extend  over  one-eighth  of  the  length  of  the  piece. 

8.  Shall  show  not  less  than  75  per  cent,  heart  on  each  of  the  four 
sides,  measured  across  the  sides  anywhere  in  the  piece.  One-inch  wane 
on  one  corner  and  one-half-inch  wane  on  two  corners  will  be  permitted. 
Knots  shall  not  exceed  in  largest  diameter  one-fourth  the  width  of  the 
side  in  which  they  occur.  Ring  shakes  shall  not  extend  over  one-eighth 
of  the  length  of  the  piece. 

9.  Shall  show  not  less  than  65  per  cent,  heart  on  each  of  the  four 
sides,  measured  across  the  sides  anywhere  in  the  piece.  One-inch  wane 
on  one  corner  or  one-half-inch  wane  on  two  corners  will  be  permitted; 
no  knots  will  be  permitted  in  the  corners  of  the  posts.  Knots  must  not 
exceed  in  their  largest  diameter  one-fourth  the  width  of  the  face  of  the 
stick  in  which  they  occur.  Ring  shakes  shall  not  extend  over  one-eighth 
of  the  length  of  the  piece. 

10.  Shall  show  not  less  than  75  per  cent,  heart,  measured  across  the 
faces  or  sides  anywhere  in  the  piece;  to  be  free  from  knots  i^  in.  and 
over  in  diameter. 

11.  Shall  show  not  less  than  70  per  cent,  heart  on  the  two  faces. 


DIFFERENCES  BETWEEN  THE  ABOVE  SPECIFICATIONS  FOR 

BRIDGE  AND  TRESTLE  TIMBERS  AND  THOSE  REPORTED 

BY    COMMITTEE   Q    OF   THE   AMERICAN    SOCIETY 

FOR  TESTING  MATERIALS. 

GENERAL  REQUIREMENTS   APPLYING  TO  BOTH   GRADES. 

Committee  Q  allow  dead  timber  to  be  used. 
Committee  Q  have  no  specification  regarding  wind. 
Committee  Q   allow   sawing  J4"in-   scant   from  given    size,   with   loss 
in  area  of  from  4^  to  io>4  per  cent. 

Committee  Q  permit  loose  knots  except  within  4  in.  of  the  edge  of 
stringers. 

Committee  Q  permit  knots  in  the  corners  of  poste. 

GRADE   NO.    I. 

Committee  Q  permit  5  per  cent,  less  heart  in  stringers. 
Committee  Q  permit  knots  over  2>4   in.   in   stringers,  if  not  within 
4  in.  of  the  edge. 

GRADE   NO.   2. 

Committee  Q  require  no  limit  to  sap. 

Committee  Q  do  not  give  an  alternative  wane  on  two  corners  of 
stringers.  , 

Committee  Q  allow  knots  up  to  4  in.  in  i6-in.  sides,  and  3  in.  in 
i2-in.  sides,  for  stringers,  caps  and  posts. 
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REVISED   SPECIFICATIONS  FOR  PILING. 

Piling  shall  be  cut  from  sound  live  trees ;  shall  be  close  grained  and 
solid,  free  from  defects,  such  as  injurious  ring  shakes,  large  and  unsound 
knots,  decay  or  other  defects  that  will  materially  impair  its  strength. 
The  taper  from  butt  to  top  shall  be  uniform  and  free  from  short  bends. 

All  piles  except  foundation  piles  shall  be  peeled. 

The  dimensions,  allowable  wind,  and  amount  of  sap  wood  allowed 
for  different  kinds  of  timber  shall  be  as  per  accompanying  table. 

PILING  SPECIFICATION. 


Length 
Pile 

Min. 
Diam. 

of 
Top 

Min.  Diam. 
Intermediate 

Max.' 

Diam. 

of 

Butt 

Wind 
in  Inches 

AUow- 

Diam. 

Dis- 
tance 
from 
Butt 

I 
20' 

'orl 
30' 

engt 
40- 

bs  0 
50' 

f 
60' 

able 
Sap 

White  Oak 

0'-30' 
31 '-40' 
41 '-50' 
51'- 

10" 
9" 

8" 
7" 

12" 
12" 
12" 
12" 

§  length 
i       " 

20" 
20" 
20" 
20" 

2 

3 

4 

5 

6 

1  "ring 

Post 

Burr 

0'-30' 
31 '-40' 
41 '-50' 
51'- 

10" 
9" 

8" 
7" 

12" 
12" 
12" 

§  length 

i     " 

20" 
20" 
20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

Yellow  Pine 

0'-40' 
41'- 

10" 
9" 

20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

Douglas  Fir 

Norway  Pine 

0'-30' 
31 '-40' 
41'- 

10" 
9" 
8" 

12" 
12" 

12" 

i  length 

i       " 

20" 
20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

Tamarack 

White  Cedar 

0'-30' 
31 '-40' 

10" 
9" 

12" 
12" 

J  length 

20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

Red  Cedar 

0'-30' 
31 '-40' 
41'- 

10" 
9" 

8" 

12" 
12" 
12" 

i  length 

20" 
20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

White  Pine 
Idaho  White  Pine 

0'-30' 
31 '-40' 
41'- 

10" 
9" 

8" 

12" 
12" 
12" 

i  length 
1       ■•' 

20" 
20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

Western  Pine 

0'-30' 
31 '-40' 
41 '-50' 
51'- 

10" 
9" 

8" 
7" 

12" 
12" 
12" 
12" 

4  length 

20" 
20" 
20" 
20" 

2 

3 

4 

5 

6 

1"  ring 

Spruce 

Hemlock 

2 

3 

4 

5 

6 

1"  ring 

2 

3 

4 

5 

6 

1"  ring 

Cypress 

0'-30' 
31 '-40' 
41'- 

jlO" 
.  9" 
t  8" 

12" 
12" 
12" 

§  length 
i       " 

20" 
20" 
20' 

2 

3 

4 

5 

6 

1"  ring 

WOODEN  TRESTLE  BRIDGES  WITH  BALLAST  FLOORS. 

The  ballast  floor  of  wooden  trestle  bridges  had  its  inception  in  the 
desire  to  secure  a  longer  life  than  that  of  the  common  wooden  trestle 
with  open  deck;  to  decrease  the  cost  of  maintenance;  and  to  obtain  on 
roads  bearing  a  heavy  traffic  a  practically  unbroken  roadbed  at  points 
requiring  openings  under  the  track,  where  either  a  poor  foundation  or  the 
difficulty  of  obtaining  materials  for  a  permanent  structure  makes  the  first 
cost  of  such  a  structure  prohibitive. 

There  are  two  general  types  of  construction  for  ballast  floor  wooden 
trestles :  one  having  the  stringers  separated  and  covered  with  plank  to 
retain  the  ballast,  and  the  other  having  the  stringers  so  placed  as  to  form 
a  so^id  floor  that  shall  carry  the  ballast  directly.  The  distance  center  to 
center  of  bents  and  the  number  of  piles  to  each  bent  vary  in  each  type 
of  construction  according  to  the  standards  of  the  various  roads. 

The  present  standards  vary  but  sHghtly  from  those  first  adopted,  the 
changes  being  more  in  detail  than  in  the  general  designs.  Some  roads 
first  used  the  solid  floor  of  packed  stringers  and  later  adopted  the  type 
with  separated  stringers.  In  other  cases  the  changes  have  consisted  either 
in  shortening  the  distance  center  to  center  of  bents,  or  in  increasing  the 
cross-section  of  the  stringers,  or  both. 

All  the  timbers  used  in  the  construction  of  the  first  ballast  floor 
trestles  were  treated  by  the  creosote  process,  the  amount  of  oil  injected 
being  in  nearly  all  cases  twelve  pounds  per  cubic  foot  of  timber.  The 
only  exception  is  that  of  the  single  ballast  floor  wooden  structure  on  the 
Michigan  Central  Railroad,  with  a  span  of  fourteen  feet,  the  timbers  of 
which  were  treated  with  carbolineum  avenarius.  This  structure  was 
erected  in  September,  1899,  and  still  has  an  estimated  life  of  four  years. 

It  has  not  yet  been  necessary  to  renew  any  of  the  earliest  ballast 
floor  trestles.  From  the  time  of  their  construction,  the  estimated  life  of 
these  bridges  varies  from  twenty  to  twenty-five  years,  without  repairs  of 
any  consequence.  They  first  came  into  use  in  1878,  more  were  constructed 
in  1897,  and  the  greatest  number  were  built  from  1901  to  1906.  At  pres- 
ent all  predictions  made  regarding  them  are  upheld,  as  no  road  "sports 
having  found  it  necessary  to  make  any  repairs  of  importaru-e  to  bAlb«-«- 
floor  bridges,  all  the  timbers  of  which  were  treated.  ^ 
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Three  plans  typical  of  the  two  general  designs  of  ballast  floor  trestles 
are  submitted  herewith,  those  of  the  Mobile  &  Ohio  Railroad  and  of  the 
Illinois  Central  Railroad  showing  the  type  with  separated  stringers  cov- 
ered with  plank  flooring,  and  those  of  the  Atchison,  Topeka  &  Santa 
Fe  System  showing  the  type  with  packed  stringers. 

The  estimated  cost  per  linear  foot  of  trestles  similar  to  the  Mobile 
&  Ohio  and  Illinois  Central  plans,  as  constructed  by  different  roads,  is 
as  follows :  ' 


Average 
Height. 

Ten  Feet 
High 

Twenty  Feet 
High. 

Thirty  Feet 
High. 

J15.00 
17.70 
15.00 

L   &  N                      

I.  C,  Four  Pile  Bents 

$13.50 
15.20 
16.40 
18.50 

$15.50 
17.80 
18.00 
20.50 

$16.60 

I.  C  Six  Pile  Bents 

19.30 

N.  C.  &  St.  L 

22.00 

E.  P.  &   S.  W 

23.00 

O.  S.  L.  1 

UP        >■ 

12.76 

s/p.'     ) 

C.  R.  I.  &P 

22.36 

24.74 

27.91 

M.  &  0 

i4.66 

For  trestles  indicated  by  the  plan  of  the  Atchison,  Topeka  &  Santa 
Fe  System,  the  corresponding  cost  is  as  follows: 


Average 
Height. 

Ten  Feet 
High. 

Twenty  Feet 
High, 

Thirty  Feet 
High. 

A   T   &  S   F  ,  before  1905   .... 

$16.00 
18.00 

A   T   &  S  F    1905  and  after 

Southern  Ry 

$15.00 

$16.60 

$18.30 

The  Committee  is  of  the  opinion  that  the  former  type  of  construction 
is  the  better  for  the  following  reasons :  First,  the  space  between  the 
stringers  affords  a  better  means  of  inspection  of  the  stringers,  which 
becomes  increasingly  necessary  as  the  trestle  nears  the  end  of  its  life. 
Second,  when  repairs,  renewals  or  changes  become  necessary,  they  may 
be  made  more  easily  and  at  less  cost. 

With  the  exception  of  the  outside  stringers,  the  stringers  should  pref- 
erably have  a  length  equal  to  the  distance  center  to  center  of  bents,  plus 
the  width  of  the  cap.  The  outside  stringers  should  have  a  length  equal 
to  two  spans,  and  should  break  joints  over  alternat;  bents. 

The  Committee  is  also  of  the  opinion  that  the  ideal  ballast  for  ballast 

floor  trestles  consists  of  broken  stone  that  will  pass  through  a  two-inch 

ring;  next,  in  order,  clean  gravel  that  will  be  held  on  a  half-inch  screen; 

and  after  that,  unscreened  gravel,  chats  and  sand  ballast     The  objec- 
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Ballast   Floor   Trestles — Atchison,   Topeka   &   Santa    Fe   Railway. 
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Bali^st   Floor    Trestles — Atchison,   Topeka    &    Santa    Fe    Railway. 


C^ast/ron  ^e^>£3rafo/s  j'^h/c/r^ 


1,7'^ /e^^^^/ag^r'.'--^  ., 


/3'S 
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Ballast  floor  Trestles — Illinois  Central  Railroad. 
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Ballast  floor  Trestles — Illinois  Central  Railroad. 
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Ballast  Floor  Trestles — Mobile  &  Ohio  Railroad. 
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BALLAST   FLOOR   PILE   AND  TRESTLE   BRIDGES, 
UNION    PACIFIC    RAILROAD. 
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tions  to  the  last  class  of  ballast  are :  It  holds  water,  making  the  track 
soft  after  very  heavy  rains  and  during  long  continued  wet  seasons.  If 
the  cracks  in  the  floor  of  the  trestle  are  small  it  may  eventually  stop 
them  up,  and  if  the  ballast  is  very  fine  and  the  cracks  larger,  it  will  sift 
through  the  floor. 

The  bents  of  ballast  floor  trestles  do  not  drift  with  the  direction  of 
heaviest  traffic,  and  no  more  difficulty  has  been  experienced  with  track 
creeping  on  them  than  is  ordinarily  experienced  with  track  supported  by 
similar  ballast  on  the  ordinary  roadbed.  One  road  mentioned  unusual 
difficulty  with  creeping  track  on  a  very  long  ballast  floor  trestle,  while 
another  road  has  had  similar  trouble  with  track  on  an  open  deck  pile 
trestle  three  miles  long. 

Ballast  floor  trestles  undoubtedly  decrease  the  danger  from  fire  ^nd 
will  probably  never  catch  fire  unless  it  is  communicated  to  them  at  their 
base,  where  they  are  as  vulnerable  to  fire  as  any  other  wooden  trestle,  i ; 

The  merits  claimed  for  the  ballast  floor  trestle  may  be  summarized 
thus :  Long  life,  small  cost  of  maintenance,  practically  continuous  road- 
bed, easier  riding  track  which  may  be  lined  and  surfaced  by  section  labor, 
decreased  danger  from  fire  and  greater  safety  in  case  of  derailment. 

The  claim  relating  to  long  life  and  small  cost  of  maintenance  will 
probably  not  be  sustained  unless  all  of  the  timbers  in  the  trestle  are 
properly  treated  with  an  effective  preservative. 

The  disadvantages  of  ballast  floor  trestles  to  which  attention  has  been 
called  are  the  following:  Difficulty  of  obtaining  properly  treated  timber, 
great  first  cost  of  construction,  possible  and  probable  excessive  cost  of 
maintenance  when  the  structure  becomes  old,  difficulty  of  careful  inspec- 
tion of  the  vital  parts  of  the  structure,  difficulty  of  making  repairs  and 
renewals  and  their  probable  excessive  cost,  and  doubt  as  tc  the  ultimate 
economy  of  their  use. 

In  the  absence  of  authoritative  information  on  the  final  cost  of 
maintenance  and  of  renewals,  the  Committee  cannot  make  a  definite  com- 
putation on  the  economic  merits  or  demerits  of  the  ballast  floor  trestle. 

LIST    OF    QUESTIONS    ON    BALLAST    FLOOR    TRESTLES. 
ISSUED    AUGUST    6,    I9O7. 

I.  Give  items  of  interest  regarding  the  first  form  of  ballast  floor 
trestles  constructed  on  your  road,  together  with  the  conditions  that  sug- 
gested their  use.  2.  Submit  plans,  sketch  or  description  of  same.  3.  Was 
the  timber  treated  or  untreated?  4.  If  treated,  state  process  of  treatment. 
5.  Give  date  of  construction.    6.  If  your  first  ballast  floor  trestles  are  still 
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in  service,  give  estimated  remaining  life.  7.  If  not  in  service,  when  were 
they  removed?  8.  Why  were  they  removed?  9.  Submit  plan  of  your 
present  Standard  Ballast  Floor  Trestle  for  both  single  and  double  track. 
ID.  Give  cost  of  construction  per  linear  foot  of  single  track  ballast  floor 
trestle  ten  feet  high;  twenty  feet  high;  thirty  feet  high.  11.  Give  cost 
per  year  per  linear  foot  for  maintenance  of  ballast  floor  trest'es.  12.  State 
what  repairs  it  has  been  necessary  to  make  to  any  of  your  ballast  floor 
trestles.  13.  Designate  a  plan  of  trestle,  the  repairs  to  which  were  out- 
lined in  answer  to  "question  12."  14.  Describe  method  of  making  repairs 
to  ballast  floor  trestles.  15.  If  timber  of  your  present  standard  ballast 
floor  trestles  is  treated,  give  full  description  of  treatment  or  attach  specifi- 
cations for  treatment.  16.  Do  you  use  untreated  timber  for  piles  of 
ballast  floor  trestles,  and  if  so,  what  variety  of  timber?  17.  Give  life 
of  untreated  timber  so  used.  18.  Do  you  use  untreated  timber  in  decks 
of  ballast  floor  trestles,  and  if  so,  what  varieties  of  lumber?  19.  Give 
life  of  untreated  timber  so  used.  20.  What  kind  of  ballast  do  you  prefer 
for  ballast  floor  trestles,  and  why?  21.  Have  you  trouble  with  track 
creeping  on  ballast  floor  trestles?  22.  Have  you  trouble  with  bents  mov- 
ing in  the  direction  of  heaviest  traffic?  23.  Does  the  ballast  floor  trestle 
decrease  the  danger  of  fire?  24.  How  many  ballast  floor  trestles  have 
you?  25.  How  many  linear  feet  of  bal'ast  floor  trestles  have  you? 
26.  Please  give  your  opinion  of  the  cost,  utility,  durability  and  defects  of 
the  ballast  floor  trestle,  whether  in  use  on  your  road  or  not. 


SAFE    UNIT    STRESSES    FOR    TIMBERS    USED    IN    WOODEN 
BRIDGES    AND    TRESTLES. 

In  considering  safe  unit  stresses  for  timbers  used  in  wooden  bridges 
and  trestles,  the  Committee  thought  it  was  advisable  to  secure  as  much 
information  as  possible  concerning  the  common  practice  in  this  respect 
throughout  the  country.  For  this  purpose  a  circular  of  questions  was 
sent  to  members  of  the  Association,  representing  the  most  important 
railroads  of  the  country,  as  well  as  to  various  consulting  engineers, 
asking  for  information  concerning  their  present  practice  and  the  results 
of  their  observations  of  various  details  which  would  assist  in  deter- 
mining proper  unit   stresses. 

This  circular  provided  blank  spaces  for  the  unit  stresses  and  the 
corresponding  factor  of  safety  allowed  in  eight  kinds  of  timber  under 
the   following  conditions : 
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Extreme  fiber  stress  in  bending. 

Compression  with  the  grain. 

Compression    across    the   grain. 

Compression    for  columns   under    15   diameters. 

Compression   formulas   for   long  columns. 

Shearing  parallel   with   the  grain. 

Combined  tension  and  bending  in  bottom  chords  of  truss  spans. 

It  also  contained  questions  concerning  the  increase  of  live  load 
stresses  for  impact  and  the  formula  used;  the  ratio  of  length  of  string- 
ers to  their  depth ;  the  deflection  allowed  in  stringers  in  terms  of  their 
length,  and  nine  other  numbered  questions,  relating  to  various  condi- 
tions and  results  of  observations  which  influence  the  allowable  safe 
unit  stresses. 

More  than  thirty  answers  Avere  received  to  this  circular,  including 
those  from  railroads  in  all  parts  of  the  country.  Some  of  the  older 
Eastern  roads,  having  replaced  all  timber  bridges  with  permanent 
structures,  reported  that  they  were  unable  to  furnish  original  informa- 
tion on  this  subject,  and  therefore  declined  to  answer  any  questions 
in  the  circular.  Many  roads  have  adopted  unit  stresses  only  for  the 
kinds  of  timber  which  they  use,  and  for  these  as  well  as  other  reasons 
only  a  part  of  the  questions  were  answered  in  some  cases.  A  number 
of  complete  reports,  however,  were  received,  and  in  all  a  large  amount 
of  information  collected. 

The  unit  stresses  and  column  formulas  used  by  different  railroads 
are  shown  graphically  in  order  to  facilitate  comparison  and  to  indicate 
at  a  glance  the  range  of  these  values  (see  pp.  29-40).  The  stresses 
recommended  in  1896  in  Bulletin  No.  12,  Division  of  Forestry,  and 
those  adopted  in  1895  by  the  Association  of  Railway  Superintendents 
of  Bridges  and  Buildings,  as  well  as  those  recommended  by  Dr.  W.  K. 
Hatt  of  the  Forestry  Service,  are  also  included  on  the  diagrams.  Only 
a  few  roads  use  an  impact  formula  to  increase  the  live  load  stresses, 
and  accordingly  these  reports  were  excluded  from  the  graphical  com- 
parisons. The  report  of  the  New  York  Central  &  Hudson  River  Rail- 
road was  received  too  late  to  be  inserted  on  the  diagrams,  but  as  it 
contains  the  results  of  a  recent  investigation  of  this  subject,  for  the 
purpose  of  governing  its  own  practice,  the  report  is  considered  to  be 
of  more  than  ordinary  value,  and  hence  the  table  of  unit  stresses  is 
published   in  full. 

Answers  to  the  question  on  the  ratio  of  length  to  depth  of  string- 
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ers  indicate  values  ranging  from  9  to  12,  with  10  as  an  approximate 
average  value. 

Little  data  seem  to  be  available  as  to  the  allowable  deflection  of 
stringers  in  terms  of  their  span.  One  road  places  it  at  one-fiftieth 
of  the  span   length. 

Question  No.  i :  "Do  you  distinguish  between  the  unit  stress  for 
plain  shear  and  for  shear  in  bending,  in  both  cases  parallel  to  the  fiber? 
If  so,  give  difference  in  percentage."  Seventeen  answered  "No"  and 
one  "Yes."     Others  either  did  not  answer  or  were  indefinite. 

Question  No.  2 :  "Should  safe  unit  stress  for  timber  be  modified 
on  account  of  season  checking?  If  so,  to  what  extent  expressed  as 
a  percentage?"  Sixteen  answered  "No"  and  four  "Yes."  The  others 
either  evaded  this  question  or  answered  in  a  qualified  manner.  Some 
thought  that  the  amount  of  checking,  to  be  determined  by  individual 
judgment  in  each  case,  would  decide.  Others  stated  that  if  the  grain 
be  straight,  a  small  amount  of  checking  is  not  serious  in  heavy  timbers 
and  is  amply  covered  by  the  factor  of  safety.  Those  who  thought 
the  unit  stress  should  be  modified,  were  generally  unable  to  state  the 
amount  in  percentage,  as  that  would  depend  upon  the  seriousness  of 
the  checking.  Most  of  those  who  answered  "No"  said  that  timber 
which  was  badly  season-checked  did  not  conform  to  ordinary  specifica- 
tions  and   should   be   rejected  by   the   inspector. 

Question  No.  3:  "Ought  decay  to  be  considered  in  fixing  any  safe 
unit  stress  for  timber  in  service?  If  so,  to  what  extent?"  Fourteen 
answered  "No"  and  eight  "Yes."  Of  those  who  answered  "No,"  a 
majority  thought  it  impracticable  to  fix  a  unit  stress  which  would  apply 
to  decayed  or  partially  decayed  timber  and  that  it  should  be  rejected, 
or,  upon  first  showing  evidence  of  serious  decay,  it  should  be  removed 
from  the  structure.  Of  those  who  answered  "Yes,"  one  suggested  an 
allowance  of  10  per  cent  for  decay,  another  20  per  cent.,  while  still 
another  thought  that  timber  in  use  which  was  showing  decay,  might 
be  rated  at  two-thirds  of  the  strength  of  sound  timber.  It  seemed  to 
be  the  practice  of  a  majority  who  answered  this  question  to  reject 
all  timber  for  new  work  which  showed  signs  of  decay  and  to  consider 
that  the  reduction  in  size  of  the  timber  by  subsequent  rotting  of  a 
small  amount  of  sapwood  was  covered  by  the  factor  of  safety,  but 
that  if  it  be  necessary  to  leave  partially  decayed  timber  in  service,  then 
a  proper  allowance  must  be   made   for  the   same. 

Question  No.  4:  "Name  other  conditions  that  in  your  judgment 
should  be  considered  in  determining  the  safe  unit  stresses."    The  other 
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conditions  named  were  as  follows :  Knots,  shakes,  wind,  sap,  seasoning, 
worm-holes,  variability  of  individual  sticks,  quality  of  timber  com- 
mercially obtainable  in  the  district  considered,  importance  of  member, 
effect  of  failure  as  regards  results,  treatment  by  a  preservative  process, 
whether  a  member  is  single  or  composite,  and  the  amount  of  ignorance 
regarding  the  strength  of  the  material  or  of  the  future  loading. 

Question  No.  5:  "Give  example  of  partial  or  total  failure  of 
timber  during  service  in  wooden  bridges  or  trestles  that  may  help  to 
determine  proper  unit  stresses."  Very  few  examples  were  reported. 
The  few  cases  cited  were  stringers  in  which  failure  occurred  either 
by  longitudinal  shear  cr  crushing  at  cap  where  decay  had  taken  place, 
or  failure  due  to  knots  and  cross-grain. 

Question  No.  6 :  "Example  of  overloaded  timber  that  was  in 
service  at  time  of  inspection  without  any  sign  of  failure."  Apparently 
Dut  few  data  are  available  from  which  to  give  examples  of  this  nature. 
One  case  was  cited  where  a  fir  stringer  had  been  stressed  up  to  3,400 
pounds  per  square  inch,  not  including  impact  due  to  a  speed  of  12 
miles  per  hour,  without  any  bad  effects.  Another  example  was  given 
where  a  95-ton  consolidation  type  engine  was  employed  for  a  year 
on  a  branch  line  where  the  trestle  bents  were  spaced  12  ft.  6  in.  be- 
tween centers  with  double  7  by  14  inch  stringers.  In  another  instance 
an  85-ton  engine  followed  by  a  train  load  of  about  3,000  pounds  per 
linear  foot,  crossed  a  trestle  bridge,  where  one  cap  had  been  removed, 
making  a  24-foot  span  with  two  chords,  each  having  two  7  by  15  inch 
stringers.  The  speed  was  about  20  miles  per  hour,  and  being  reduced 
under  full  air  pressure.  The  computed  fiber  stress  was  2,950  pounds 
per  square  inch,  and  no  signs  of  failure  were  discernible.  In  still 
another  instance  cited,  the  stringers  with  a  ratio  of  length  to  depth 
of  12,  were  allowed  to  be  stressed  to  2,400  pounds  per  square  inch 
without  any  sign  of  failure,  the  deflection,  however,  being  so  great  as 
to   render  the  structure  unsatisfactory. 

Question  No.  7:  "Give  a  brief  general  summary  of  your  observa- 
tions on  stringers  in  trestles  with  relation  to  the  adoption  of  safe  unit 
stresses  (see  Trans.  Am.  Soc.  C.  E.,  Vol.  34,  pp.  301-2,  for  an  ex- 
ample of  such  a   statement)." 

Very  few  replies  were  given  to  this  question.  One  said  he  never 
knew  of  a  failure  by  direct  bending  or  tension.  Another  had  been  using 
for  years  a  fiber  stress  of  1,600  and  1,700  pounds  per  square  inch, 
computed  as  a  static  stress  for  moving  load,  and  adding  the  dead  load. 
Another,    who    used    1,200    pounds    per    square    inch,    stated    that    their 
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trestles  did  not  give  out  under  excessive  loading,  but  from  decay,  fire 
or  other  accidents.  The  engineer  of  another  road  suggests  that  unit 
stresses  should  be  based  upon  the  deflection  of  stringers  and  that  inspec- 
tion should  remove  stringers  which  were  injuriously  decayed,  season- 
checked  or  injured  by  fire  or  other  accidents. 

Question  No.  8:  "Give  a  similar  summary  of  observations  on  caps, 
posts,  longitudinal  bracing,    etc." 

One  answer  stated  that  posts  should  be  proportioned  for  a  bearing 
of  not  over  350  pounds  per  square  inch  on  cap  or  sill,  and  that  longi- 
tudinal bracing  is  not  required  on  trestles  of  one  story.  Other  answers 
were  about  the  same  as  those  given .  for  No.   7. 

Question  No.  9 :  "Since  the  specifications  for  steel  bridges  adopted 
by  the  Association  provide  for  impact  by  making  an  addition  to  the 
static  live  load  stresses,  are  you  in  favor  of  using  a  similar  method 
for  wooden  truss  bridges  and  trestles?  (a)  Give  reasons  in  favor  of 
such  a  procedure,  (b)  Give  reasons  against  it."  To  this  question 
thirteen   answered   "No"  and  two   "Yes.'" 

The  following  reasons  were  given  in  favor  of  such  a  procedure : 
"The  adopted  unit  stresses  were  reached  by  considering  actual  satis- 
factory practice.  It  has  no  genuine  relation  to  the  ultimate  or  elastic 
strength  of  the  material.  In  locations  where  excessive  speed  obtains, 
concessions  should  be  made  in  the  units  used."  "Believe  that  impact 
is  due  to  the  suddenness  with  which  a  load  is  applied.  This  is  ap- 
plicable to  a  timber  structure  as  well  as   steel." 

Some  reasons  given  against  such  a  procedure  were  as  follows : 
"Rolling  loads  cause  double  deflection  and  stress  as  compared  with 
static  loads,  but  timber  strength  is  affected  by  rated  loading,  viz. :  It 
will  deflect  twice  as  much  (at  elastic  limit)  under  impact  as  under 
static  load  (at  elastic  limit).  Therefore,  the  two  elements  balance  and 
leave  the  unit  stress  unaffected  except  for  the  unknown  influence  of 
repetition." 

"We  do  not  know  what  impact  is ;  experience  has  shown  certain 
fiber  strains  to  be  safe,  considering  the  load  as  static,  and  until  we 
have  some  formula  for  impact  which  is  not  purely  empirical,  I  do  not 
see  any  use  in  figuring  for  it.  It  amounts  generally  to  adding  100  per 
cent,   for  impact  and  then   doubling   the   unit  stress   allowed." 

"Steel  bridges  are  built  for  an  indefinite  length  of  life  and  the 
impact  loads  used,  look  more  toward  a  future  increase  of  live  load 
than    toward    a    failure    under    the    load    for    which    they    are    designed. 
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Wooden  bridges,  on  the  other  hand,  are  of  short  life,  and  actual  stresses 
should  be  used,  which  experience  proves  to  be  safe  without  any  impact 
allowance." 

"Trestles  have  short  and  uniform  panels,  and  it  is  immaterial 
whether  we  use  a  low  unit  stress  without  impact  or  a  high  one  with 
impact.  The  final  design  is  largely  fixed  by  experience  rather  than 
figures." 

"First,  timber  has  no  true  elastic  limit,  such  as  is  possessed  by 
the  metals.  Timber  may  be  loaded  almost  to  the  point  of  rupture 
without  injury,  recovering  its  former  shape  and  condition.  Second,  for 
timber  trestles,  including  stringers,  posts  and  caps,  the  live  load  is 
large  compared  to  the  dead  load,  therefore,  we  can  adopt,  advan- 
tageously, a  unit   stress   that   is  based   directly  on  the  moving  load." 

ANSWERS    TO    QUESTIONS    IN    CIRCULAR    FOR    SUB-COMMITTEE    NO.     3. 
"extend   LIST   OF   RECOMMENDED    SAFE    UNIT    STRESSES    FOR    TIMBER." 

(i)  Do  you  distinguish  between  the  unit  stress  in  plain  shear  and 
for  shear  in  bending,  in  both  cases  parallel  to  the  fiber?  If  so,  give  dif- 
ference in  percentage. 

Percentage  affirmative  answers 6  per  cent. 

Percentage  negative  answers 94  per  cent. 

(2)  Should  safe  unit  stress  for  timber  be  modified  on  account  of 
season  checking?    If  so,  to  what  extent  expressed  in  percentage? 

Percentage  affirmative   answers 20  per  cent. 

Percentage  negative   answers 80  per  cent. 

(3)  Ought  decay  to  be  considered  in  fixing  any  safe  unit  stress 
for  timber  in  service?    If  so,  to  what  extent? 

Percentage  affirmative  answers 38  per  cent. 

Percentage  negative  answers 62  per  cent. 

(9)  Since  the  specifications  for  steel  bridges  adopted  by  the  Asso- 
ciation provide  for  impact  by  making  an  addition  to  the  static  live  load 
stresses,  are  you  in  favor  of  using  a  similar  method  for  wooden  truss 
bridges  and  trestles? 

Percentage  affirmative  answers 13  per  cent. 

Percentage  negative  answers 87  per  cent. 


See  statement,  pp.  372,  373,  sixth  paragraph. 
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UNIT  STRESSES  USED  BY  NEW  YORK  CENTRAL  &  HUDSON  RIVER  R.  R.  CO., 

ADOPTED  1907. 


Fac- 
tor of 

Safety 

White 
Oak 

Doug- 
las Fir 

Long 

Leaf 

Yellow 

Pine 

White 
Pine 

Nor- 
way 
Pine 

Short- 
leaf 

Yellow 
Pine 

Hem- 
lock 

Spruce 

Ratio     of     length     of 

Extreme  fiber  stress  in 
bending.  Pounds  per 
square  inch 

6 

1200 

1200 

1200 

700 

700 

900 

700 

900 

Deflection  in  terms  of 

Compression   with    the 
grain.       Pounds  per 
square  inch 

5 

1600 

1600 

1600 

1000 

1000 

1300 

1000 

1200 

Compression  across  the 
grain.       Pounds  per 
square  inch 

3 

600 

300 

350 

200 

200 

250 

150 

200 

Compression     for    col- 
umns under  12  diam- 
eters.       Pounds  per 
square  inch 

5 

1000 

1100 

1100 

700 

700 

900 

700 

800 

Shearing  parallel  with 
the  grain.       Pounds 
per  square  inch 

4 

200 

125 

150 

80 

100 

125 

100 

100 

Combined  tension  and 
bending    in    bottom 
chords       for       truss 
spans 

Column  formula. 

L — Length  of  mem- 
ber in  inches. . 
D — Least      side     in 
inches 

Same 
fs 

as  extreme  fib 
C 

L' 
J  1 

er  stress  in  bending 

C= Value    in  compression  for  columns 
under  12  diam.  as  given  above. 

1500D» 

D 

ter  o 

r  side. 

The  above  unit  stresses  are  intended  to  be  used  without  increasing  the  live  load  stresses 
for  impact. 


THE  PRESERVATION   OF  STRUCTURAL  TIMBER. 

GENERAL. 

In  conference  with  the  Committee  on  Ties,  it  was  the  unanimous  opin- 
ion of  the  members  of  both  sub-committees  that  in  the  present  state  of 
the  art,  only  the  creosote  treatment  of  timber  for  bridges  and  similar 
structures  should  be  considered,  and  therefore  all  succeeding  remarks 
will  app^y  only  to  creosote  treatment.  For  pile  and  trestle  bridges  it  is 
recommended  that  the  treatment  apart  from  the  piles  be  confined  to  ballast 
floor  spans,  partly  on  account  of  the  increased  danger  from  fire  during 
the  early  life  of  treated  timber  and  partly  on  account  of  the  fact  that 
a  sufficient  supply  of  creosote  does  not  appear  to  be  conveniently  avail- 
able at  present  for  the  general  treatment  of  all  bridge  timber. 

EFFECT   OF   TREATMENT   ON    THE    STRENGTH    OF   TIMBER. 

Experiments  on  the  strength  of  treated  timber  have  been  made  by 
Wm.  Hood,  Chief  Engineer  of  the  Southern  Pacific  Company,  and  by  Dr. 
W.  K.  Hatt,  the  results  of  the  latter  being  published  in  1906  in  Circular 
39  of  the  Forest  Service,  United  States  Department  of  Agriculture. 

Mr.  Hood's  experiments  indicated  a  considerable  decrease  in  strength, 
due  to  treatment,  the  method  employed  on  the  experimental  sticks  being 
similar  to  that  given  in  the  specifications  of  the  Atchison,  Topeka  & 
Santa  Fe  Railway  for  the  treatment  of  Douglas  fir  and  which  accompany 
this  report.  The  results  were  regarded  as  so  unsatisfactory  that  Mr. 
Hood  abandoned  the  treatment  of  stringers  for  pile  trestle  bridges. 

The  results  of  the  more  recent  tests  by  Dr.  Hatt  are  summarized  in 
his  report  as  follows : 

"(i)  A  high  degree  of  steaming  is  injurious  to  wood.  The  degree 
of  steaming  at  which  pronounced  harm  results  will  depend  upon  the  qual- 
ity of  the  wood  and  the  degree  of  seasoning,  and  upon  the  pressure  (tem- 
perature) of  steam  and  the  duration  of  its  application.  For  loblolly  pine 
the  limit  of  safety  is  certainly  30  lbs.  for  4  hours,  or  20  lbs.  for  6  hours. 

"(2)  The  presence  of  zinc  chloride  will  not  weaken  wood  under 
static  loading,  although  the  indications  are  that  the  wood  becomes  brittle 
under  impact. 

"(3)  The  presence  of  creosote  will  not  weaken  wood  of  itself.  Since 
apparently  it  is  present  only  in  the  openings  of  the  cells,  and  does  not  get 
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into  the  cell  walls,  its  action  can  only  be  to  retard  the  seasoning  of  the 
wood." 

Experiments  made  at  St.  Louis  in  1905  by  the  proprietors  of  the 
Rueping  process  and  published  in  the  advertising  matter  of  that  com- 
pany, apparently  show  an  increase  of  strength  due  to  treatment  by  the 
Rueping  process.  This  result  is  probably  due  wholly  to  the  effect  of 
seasoning  in  the  timber,  which  is  caused  by  the  treating  process. 

COST  OF   TREATMENT. 

The  cost  of  treatment,  exclusive  of  the  cost  of  creosote,  varies  from 
five  to  eight  cents  per  cubic  foot.  At  places  on  the  Atlantic  and  Gulf 
coasts  the  cost  is  about  one  and  one  quarl-cr  cents  per  pound,  including 
an  allowance  for  waste.  This  corresponds  to  a  cost  of  eight  cents  per 
gallon  at  the  places  mentioned. 

METHOD   OF   TREATMENT. 

(a)     Seasoning  and  Steaming. 

Whenever  possible,  green  or  water-soaked  timber  should  be  sea- 
soned before  treatment,  and  when  seasoned,  steaming  is  not  only  unneces- 
sary, but  should  be  avoided.  However,  in  some  climates  seasoning  is  im- 
practical, owing  to  the  rapid  decay  of  the  timber.  When  steaming  is 
necessary  the  process  should  be  continued  for  such  a  length  of  time  as 
to  insure  proper  penetration,  but  in  no  case  should  the  pressure  exceed 
35  lbs.  per  sq.  in.  or  the  steaming  be  continued  long  enough  to  injure  the 
strength  of  the  timber. 

(b)     Timber. 

The  kinds  of  commercial  bridge  timber  which  are  suitable  for  treat- 
ment include  longleaf  yellow  pine  (to  be  used  for  piling  only  where 
special  strength  is  required),  shortleaf  and  loblolly  pine  and  Douglas  fir; 
also,  probably,  Norway  pine,  tamarack  and  hemlock,  although  little  is 
known  of  the  creosote  treatment  of  these  woods. 

In  selecting  timber  for  treatment  a  large  percentage  of  sapwood  is 
desirable.  Whenever  possible  all  framing  and  boring  should  be  done 
before  the  timber  is  treated.  In  cases  where  this  is  not  possible,  as  where 
piles  are  sawn  off  after  being  driven,  the  freshly  cut  ends  shou'd  be 
thoroughly  painted  with  at  least  four  coats  of  hot  creosote. 

(c)     Inspection. 

The  quantity  of  creosote  used  should  be  determined  by  tank  measure- 
ment, and  in  addition  the  penetration  of  the  creosote  should  be  determined 
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by  boring  with  a  one-inch  auger,  the  hole  being  filled  afterwards  with 
a  creosoted  wooden  plug.  At  least  ten  pieces  in  each  charge  should  be 
tested  and  the  timber  re-treated  if  a  satisfactory  penetration  is  not 
secured.  In  particular  cases  it  may  be  desirable  to  test  every  stick  by 
boring. 

(d)  Quantity  of  Creosote. 

The  quantity  of  creosote  to  be  specified  should  vary  with  the  pro- 
portion of  sapwood  to  heart  and  the  following  quantities  g^ven  should 
be  considered  only  as  averages. 

For  marine  exposure,  on  the  Atlantic  coast  north  of  Delaware  Bay, 
12  to  IS  lbs.  per  cu.  ft. ;  south  of  Delaware  Bay,  and  on  the  Gulf  and 
Pacific  coasts,  20  to  25  lbs.  per  cu.  ft. 

The  Norfolk  Creosoting  Company  makes  the  following  recommenda- 
tion: North  of  Portland  harbor  and  along  the  coast  of  Nova  Scotia 
not  less  than  16  lbs.;  from  Portland  harbor  to  Delaware  Bay,  12  lbs.; 
Hampton  Roads,  16  lbs.;  the  balance  of  the  Atlantic  coast  to  Florida, 
20  lbs. ;  the  north  shore  of  the  Gulf  of  Mexico,  20  to  22  lbs. ;  the  south 
shore  of  the  Gulf  from  Vera  Cruz  to  Panama,  25  to  30  lbs. ;  on  the 
Pacific  coast,  south  of  San  Francisco,  25  lbs.,  and  north  of  San  Fran- 
cisco, 20  lbs.  The  Pacific  Creosoting  Company  recommends  16  lbs.  per 
cu.  ft.  for  Puget  Sound  work. 

For  interior  localities,  the  Committee  recommends  for  places  north 
of  the  latitude  of  Memphis,  12  lbs.,  and  south  of  that,  15  lbs.  per  cu.  ft. 

The  penetration  should  not  be  less  than  one  and  one-half  inches  for 
12  lbs.  per  cu.  ft.,  or  to  the  heartwood  when  there  is  a  smaller  depth 
of  sapwood,  and  a  corresponding  increase  in  depth  for  greater  quantities, 
the  penetration  being  determined  by  borings  as  previously  described. 

(e)  Process  of  Treatment. 

(i)  For  longleaf,  shortleaf  and  loblolly  pine,  Norway  pine  and 
tamarack. — All  of  these  timbers  should  be  treated  in  enclosed  cylinders, 
and  when  green  or  water-soaked  should  be  subjected  to  the  action  of 
live  steam  at  a  pressure  not  exceeding  35  lbs.  per  sq.  in. ;  corresponding 
to  a  temperature  of  280  degrees  Fahrenheit.  As  soon  as  the  chamber 
is  cleared  of  all  sap  and  water  by  drawing  off  at  the  bottom,  a  vacuum 
of  not  less  than  20  in.  should  be  maintained  for  a  period  of  from  5  to  8 
hours  or  until  the  discharge  from  the  vacuum  pump  has  no  odor  or 
taste.  The  chamber  then  being  emptied  of  water  and  sap,  oil  is  admitted 
at  a  temperature  of  140  degrees  Fahrenheit,  until  the  entire  chamber  is 
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filled  with  oil.     Pressure  should  then  be  applied  until  the  required  amount 
of  oil  is  absorbed. 

(2)  For  Douglas  Fir. — For  the  treatment  of  this  timber  the  speci- 
fications of  the  Atchison,  Topeka  &  Santa  Fe  Railway  are  recommended. 
They  are  reprinted  below. 

DATA   ON   THE  LIFE  OF  CREOSOTED  TIMBER. 

In  a  paper  read  before  the  Dublin  section  of  the  Institution  of  Elec- 
trical Engineers  (London),  Mr.  A.  T.  Kinsey  gives  the  average  life  as 
30  years  for  poles  treated  with  8  lbs.  per  cu.  ft. 

In  this  country  experience  in  the  use  of  creosoted  timber  is  more 
limited,  but  it  appears  that  wherever  piling  has  been  properly  treated  it 
is  still  in  good  condition.  The  following  specific  examples  are  furnished 
by  Dr.  Hermann  von  Schrenk,  who  states  that  in  each  case  the  structures 
are  in  good  condition:  (i)  The  Galveston  Bay  bridge  of  the  Gulf, 
Colorado  &  Santa  Fe  Railway,  creosoted  in  1875;  (2)  the  Ponchartrain 
bridge  of  the  Louisville  &  Nashville  Railroad,  creosoted  in  1876;  (3) 
Southern  Pacific  Railway  timbers  in  San  Francisco  harbor,  creosoted  in 
1889 ;   (4)   piling  in  the  docks  at  Newport  News,  Va.,  creosoted  in  1890. 
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SPECIEICATIONS  FOR  CREOSOTING  PACIFIC  COAST  PILING 

AND  TIMBER. 

PILING    (water-soaked). 

The  Atchison,  Topeka  &  Santa  Fe  Railway. 

The  piling  to  be  treated  must  be  Douglas  fir,  conforming  to  the 
Santa  Fe's  specifications  for  this  class  of  material,  the  cubical  contents 
of  each  stick  being  determined  by  the  Railway  Company's  table  of  cubical 
contents. 

Each  cylinder  charge  must  be  made  up  of  piles  which  have  been  in 
the  water  as  nearly  as  possible  the  same  length  of  time ;  nor  must  they 
have  been  so  long  therein  as  to  cause  deterioration  or  damage  of  any 
kind,  but  at  time  of  treating  must  be  thoroughly  sound,  free  from  sea- 
worm  holes  and  limnoria,  also  from  barnacles  and  the  like. 

After  the  piles  are  p'aced  in  the  cylinder  they  must  be  immersed  in 
creosote  oil  of  a  temperature  ranging  between  i6o  degrees  and  170  degrees 
Fahrenheit,  and  kept  covered  during  the  entire  boiling  period  under  at 
least  4  in.  of  oil  at  the  shallowest  place.  The  engineer  on  duty  must 
from  time  to  time  during  the  boiling  satisfy  himself,  by  bleeding  the 
cylinder,  that  such  is  the  case. 

After  filling  the  cylinder  with  oil,  steam  must  then  be  regulated 
through  the  heating  coils  so  that  the  temperature  within  the  cylinder 
is  kept  gradually  rising  as  fast  as  the  condensation  will  permit  until 
220  degrees  Fahrenheit  is  reached ;  after  which  the  steam  pressure  must 
only  be  such  as  to  maintain  a  regular  and  constant  temperature  within 
the  cylinder  with  220  degrees  as  the  minimum  and  225  degrees  Fahren- 
heit the  maximum,  until  such  time  as  the  amount  of  condensation  per 
cubic  foot  per  hour  collecting  in  the  hot  well  of  the  condenser  shows 
the  interior  of  the  wood  to  be  thoroughly  dry,  when  the  steam  pressure 
in  the  coils  should  be  released,  and  the  cylinder  filled  up  with  creosote 
oil  from  the  storage  or  working  tank,  of  a  temperature  ranging  between 
160  degrees  and  170  degrees  Fahrenheit,  then  pump  pressure  applied 
until  the  gauge  shows  5  lbs.  pressure  in  the  cylinder  (this  to  insure  the 
fact  of  the  cylinder  being  actually  full),  after  which  the  connection  be- 
tween storage  tank  and  cylinder  should  be  closed  and  the  connection 
between  measuring  tank  and  cylinder  opened.  Additional  pressure  must 
then  be  applied  until  the  piling  has  taken  the  proper  amount  of  oil,  forced 
in    under    such    conditions    as    will    insure    its    complete    retention    in    the 
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wood  after  drip  is  over,  and  figured  at  the  weight  of  the  dry  oil  per 
ga'lon  at  165  degrees  Fahrenheit ;  the  cylinder  doors  may  then  be  opened 
provided  the  temperature  within  is  reduced  below  200  degrees  Fahrenheit. 
After  treatment,  the  piling  must  be  free  from  all  heat  checks,  water 
bursts,  and  other  defects  due  to  inferior  treatment  which  would  impair 
usefulness  or  durability  for  the  purposes  intended.  Piles  when  bored 
midway  beween  the  ends  must  show  no  moisture  in  lo  the  center,  and 
the  borings  beyond  the  oil  penetration  must  retain  their  natural  elasticity 
and  strength.  The  penetration  of  black  oil  midway  between  the  ends, 
for  a  lo-lb.  treatment,  should  be  at  least  three-quarters  of  an  inch  in 
piles  up  to  40  ft.  in  length;  i  to  1^4  if-  for  piles  between  40  and  70  ft. 
in  length,  and  i^  to  1J/2  in.  for  piles  70  ft.  and  over;  with  a  correspond- 
ingly greater  depth  for  an  increased  quantity  of  oil. 

GREEN  OR  FRESHLY  CUT  AND   SE.ASONED  PILING. 

Green  or  freshly  cut  piles,  delivered  at  the  treating  plant  on  cars,  or 
any  which  have  not  been  lying  in  the  water,  must  be  treated  in  the 
manner  prescribed  for  green  or  freshly  sawed  material. 

Thoroughly  seasoned  piles  must  be  treated  in  the  manner  prescribed 
for  thoroughly  seasoned  sawed  material. 

No  piling  in  these  two  classes  must  be  mixed  together  and  treated  in 
the  same  charge. 

DOUGLAS     FIR     SAWED     MATERIAL. 

Seasoned,  and  green  or  freshly  sawed  materia'  must  not  be  mixed 
together  and  treated  in  same  charge,  and  none  should  be  treated  which 
is  not  at  the  time  free  from  rot  and  in  proper  condition  for  use  after 
treatment  so  far  as  splits  or  breaks  are  concerned;  if  any  such  is  received 
from  the  mills  it  should  not  be  treated  unless  the  inspector  directs  it 
lo  be  done. 

Square  timber  must  not  be  treated  in  the  same  charge  with  planking, 
nor  ties  with  planking,  and  sufficient  one-inch  strips  must  be  placed 
between  each  tier,  with  from  one-half  to  one  inch  space  left  between  each 
piece,  so  that  the  oil  can  have   free  access  to   all  surfaces. 

After  the  material  is  placed  in  the  cylinder,  it  must  be  immersed  in 
creosote  oil  of  a  temperature  ranging  between  160  degrees  and  170  degrees 
Fahrenheit  and  kept  covered  during  the  entire  boiling-  or  heating  period 
under  at  least  4  inches  of  oil  at  the  shallowest  place;  the  engineer  on 
duty  must  from  time  to  time  during  the  boiling  satisfy  himself,  by 
bleeding  the  cylinder,  that  such  is  the  case. 

In  the  case  of  green  or  freshly  sawed  material,  steam  must  thereafter 
be  regulated  through  the  heating  coils  so  that  the  temperature  within 
the  cylinder  is  kept  gradually  rising  as  fast  as  the  condensation  will 
permit  until  212  degrees  Fahrenheit  is  reached,  with  215  degrees  Fahren- 
heit as  the  maximum ;  after  which  the  steam  pressure  must  only  be 
such  as  to  maintain  a  regular  and  constant  temperature  within  the  cylinder 


356  WOODEN    BRIDGES    AND    TRESTLES. 

between  these  figures,  until  such  time  as  the  amount  of  condensation 
per  cubic  foot  per  hour  collecting  in  the  hot  well  of  the  condenser  shows 
the  interior  of  the  wood  to  be  thoroughly  dry,  when  steam  pressure  in 
the  coils  should  be  released. 

In  the  case  of  thoroughly  seasoned  material,  the  temperature  of  the 
oil  in  the  cylinder  must  be  allowed  to  rise  slowly  and  steadily  until  190 
degrees  Fahrenheit  is  reached,  with  192  degrees  Fahrenheit  as  the  maxi- 
mum, and  kept  between  these  figures  until  such  time  (dependent  upon 
the  dimensions)  as  the  interior  of  the  wood  shall  have  become  sufficiently 
warmed  up  to  enab'e  it  to  take  the  required  amount  of  oil,  when  the 
steam  pressure  in  the  coils  should  be  released. 

The  cylinder  should  then  (in  each  case)  be  filled  up  with  creosote 
oil  from  the  storage  or  working  tank,  of  a  temperature  ranging  between 
160  degrees  and  170  degrees  Fahrenheit,  and  pressure  from  the  pump 
applied  until  the  gauge  shows  5  lbs.  pressure  in  the  cylinder  (this  to 
insure  the  fact  of  the  cylinder  being  actually  full),  after  which  the 
connection  between  storage  tank  and  cylinder  should  be  closed,  and  the 
connection  between  measuring  tank  and  cylinder  opened.  Additional 
pressure  must  then  be  applied  slowly  and  steadily  until  the  material  has 
taken  the  proper  amount  of  oil,  forced  in  under  such  conditions  as  will 
insure  the  coniplete  retention  in  the  wood  after  drip  is  over,  and  figured 
at  the  weight  of  the  dry  oil  per  gallon  at  165  degrees  Fahrenheit;  the 
cylinder  doors  may  then  be  opened  provided  the  temperature  within  is 
below  200  degrees  Fahrenheit. 

After  treatment  the  material  must  be  free  from  all  heat  checks,  water 
bursts  and  other  defects  due  to  inferior  treatment,  which  would  impair 
usefulness  or  durability  for  the  purposes  intended.  The  penetration  of 
black  oil  midway  between  the  ends  for  a  lo-lb.  treatment  should  be  at 
least  }i  in.  deep  on  dimension  timber,  and  on  planking  at  least  J/2  in. 
deep ;  with  a  correspondingly  greater  depth  for  an  increased  quantity 
of  oil. 

GENERAL   CONDITIONS. 

All  material  shall  be  treated  to  the  entire  satisfaction  of  the  Railway 
Company's  Inspector,  he  being  allowed  fu'l  access  at  all  times  to  the 
facilities  used  in  the  treatment  while  it  is  in  progress ;  but  the  fact  of 
an  Inspector  being  at  the  plant  shall  not  relieve  the  Treating  Company's 
officials  from  the  responsibility  of  seeing  that  the  treatment  of  all  ma- 
terial is  properly  and  carefully  done,  with  the  agreed  penetration  of  oil 
in  each  case,  based  on  the  contract  amount. 

Before  each  cylinder  charge  is  disposed  of,  the  depth  and  character 
of  the  penetration  must  be  ascertained  by  boring  one  or  more'  anger 
holes  after  the  wood  has  cooled,  in  as  many  pieces  of  each  c'ass  of 
material  as  may  be  necessary  for  the  purpose ;  and  such  pieces  as  are 
not  found  to  be  fully  treated  in  accordance  herewith  must  be  returned 
to  the  cylinder  with  a  subsequent  charge  for  further  treatment  without 
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extra  cost  therefor;  should  more  than  lO  per  cent,  of  the  total  number 
of  pieces  treated  be  found  defective,  the  entire  charge  must  be  so  returned. 
No  material  must  be  removed  from  the  treating  yard  until  all  auger 
holes  are  tightly  plugged  with  creosoted  plugs. 

The  intent  of  these  specifications  is  that  the  wood,  when  it  comes 
out  of  the  cylinder  and  after  all  drip  is  over,  shall  contain  the  full  weight 
of  oil  to  the  cubic  foot,  forced  in  at  such  pressure  and  under  such  con- 
ditions, as  to  enable  the  wood  cells  and  fibre  to  retain  it  permanently ; 
but  as  there  is  more  or  less  rebound  of  oil  out  of  the  wood  after  pressure 
is  released,  a  checking. up  of  the  oil  on  hand  against  the  total  contract 
absorption  of  the  various  charges  shall  be  made  each  twenty-four  hours, 
timber  and  piling  being  kept  separately;  and  if  any  difference  is  found 
to  exist  a  coefficient  shall  be  established  and  used  until  the  next  checking 
shows  the  necessity  for  a  different  one,  provided  that  in  case  of  a  deficit 
no  deduction  shall  be  made  on  Santa  Fe  material  for  any  excess  in 
treatments  made  for  other  parties  in  previous  charges  which  contain 
none  of  its  material. 

The  pressure  gages  and  thermometers  must  be  compared  and  tested 
at  frequent  intervals  with  standard  test  appliances  kept  on  hand  for  that 
purpose,  and  all  differences  corrected. 

Competent  and  experienced  engineers  shall  be  in  charge  of  the  treat- 
ment night  and  day,  and  required  to  make  frequent  examination  of  the 
temperatures  during  boiling,  especially  when  the  maximum  heat  is  being 
applied ;  the  thermometers  being  located  so  that  they  will  correctly  reflect 
heat  conditions  within  the  cylinders,  and  at  the  same  time  be  convenient 
to  get  at. 

In  handling  material  after  treatment,  sharp  dog  or  cant  hooks  must 
not  be  used  in  any  way  whereby  the  full  protection  of  the  treatment  is 
likely  to  be  lessened ;  where  it  may  be  necessary,  as  in  the  case  of  piling, 
they  must  be  used  in  the  space  within  two  feet  from  the  large  end  and 
six  feet  from  the  point.  Any  material  broken  or  otherwise  damaged  in 
treatment  or  by  careless  handling,  while  in  the  Treating  Company's 
care  and  until  delivered  to  the  Rai'way  Company  at  destination  as  per 
contract,  will  be  rejected  and  the  Treating  Company  must  submit  new 
pieces  therefor;  or  if  the  material  is  furnished  by  the  Railway  Company, 
the  cost  will  be  charged  to  the  Treating  Company. 

The  oil  must  be  a  pure  dead  oil  of  coal  tar  without  adulteration, 
with  a  specific  gravity  of  1.04  to  i.io  at  a  temperature  of  60  degrees 
Fahrenheit;  it  must  be  perfectly  liquid  at  100  degrees  Fahrenheit  and 
remain  so  on  cooling  down  to  90  degrees  Fahrenheit.  The  distillation 
must  be  conducted  under  the  Von  Schrenk  or  American  method,  as 
published  in  BuFetin  No.  65  of  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association,  and  of  the  dry  oil,  the  boiling  point 
shall  be:  Up  to  210  degrees  Centigrade  not  more  than  5  per  cent,  and 
between  210  degrees  Centigrade  and  235  degrees  Centigrade  not  more 
than  30  per  cent,   shall  distill   over,  while  at  355   degrees   Centigrade  at 
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least  90  per  cent,  shall  distill  over.  As  a  different  method  of  distillation 
is  used  abroad,  sufficient  allowance  must  be  made  in  these  percentages  in 
case  the  oil  is  imported,  so  as  to  bring  it  within  specified  limits  when 
analyzed  by  the  above  method. 

Before  the  first  treatment  begins,  the  Treating  Company  must  furnish 
a  gallon  sample  of  the  oil  proposed  to  be  used  hereunder,  same  to  be 
sent  to  the  Railway  Company's  Chemist  at  Somerville,  Texas,  for 
analysis ;  and  in  case  a  different  oil  is  thereafter  used,  a  new  sample 
must  be  sent  as  above  for  further  examination. 

In  case  no  Inspector  is  on  hand,  the  Treating  Company  must  fill  up 
the  Santa  Fe  inspection  report  blank  No.  959-A  and  send  it  promptly 
after  completion  of  each  charge  to  E.  O.  Faulkner,  Manager,  Tie  and 
Timber  Department,  Topeka,  Kansas ;  also  the  usual  material  report  to 
W.  E.  Hodges,   General  Purchasing  Agent,  Chicago,  111. 

STANDAPD    NAMES    FOR    STRUCTURAL   TIMBERS. 

1.  Southern  Yellow  Pine. — Under  this  heading  three  classes  ot 
timber  are  used,   (a)   longleaf  pine,    (b)    shortleaf  pine,   (c)   loblolly  pine. 

2.  Douglas  Fir. — The  term  "Douglas  Fir"  is  to  cover  the  timber 
known  likewise  as  yellow  fir,  red  fir,  Western  fir,  Washington  fir,  Ore- 
gon or  Puget  Sound  fir  or  pine,   Northwest  and  West   Coast  fir. 

3.  Norway  Pine,  to  cover  what  is  known  also  as  "Red  Pine." 

4.  Hemlock,  to  cover  Southern  or  Eastern  hemlock ;  that  is,  hem- 
lock from  all   States  east  of  and  including  Minnesota. 

5.  Western  Hemlock,  to  cover  hemlock  from  the  Pacific  Coast. 

6.  Spruce,  to  cover  Eastern  spruce ;  that  is,  the  spruce  timber  com- 
ing from  points  east  of  Minnesota. 

7.  Western  Spruce,  to  cover  spruce  timber  from  the  Pacific  Coast. 

8.  White  Pine,  to  cover  the  timber  which  has  hitherto  been  known 
as   white  pine,   from   Maine,   Michigan,   Wisconsin   and   Minnesota. 

9.  Idaho  White  Pine,  the  variety  of  white  pine  from  Western 
Montana,  Northern  Idaho,  and  Eastern   Washington. 

10.  Western  Pine,  to  cover  the  timber  sold  as  white  pine  coming 
from  Arizona,  California,  New  Mexico,  Colorado,  Oregon  and  Wash- 
ington. This  is  the  timber  sometimes  known  as  "Western  Yellow  Pine," 
or  "Ponderosa  Pine,"  or  "California  White  Pine,"  or  "Western  White 
Pine." 

11.  Western  Larch,  to  cover  the  species  of  Larch  or  Tamarack 
from  the  Rocky  Mountain  and  Pacific  Coast  regions. 

12.  Tamar.\ck,  to  cover  the  timber  known  as  "Tamarack,"  or 
"Eastern   Tamarack,"   from    States    cast   of   and   including   Minnesota. 

13.  Redwood,  to  include  the  California  wood  usually  known  by  that 
name. 
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14.     Oak. — Under    this    heading    three    classes    of    timber    are    used: 

(a)  White  Oak,  to  include  White  Oak,  Burr  Oak  and  Post  Oak. 

(b)  Red   Oak,   to    include   Red    Oak,    Scarlet   Oak,    Black   Oak, 
and  all  bastard  oaks. 

(c)  Chestnut  Oak,  to  include  only  Chestnut  Oak. 

CLASSIFICATION    OF    SOUTHERN    YELLOW    PINE. 

As  most  of  the  objections  last  year  related  to  the  subdivision  of 
Southern  yellow  pine,  the  following  questions  were  sent  to  a  number 
of  representative    inspectors,   lumbermen,    manufacturers,    and    engineers: 

(i)  "In  buying  longleaf  yellow  pine,  do  }ou  maintain  an  inspection 
which  shows  where  the  pine  is  cut  which  you  buy  for  longleaf  pine? 
In  other  words,  do  you  buy  longleaf  pine  from  the  appearance  of  the 
pine  cones? 

(2)  "Do  you  consider  that  any  specimens  of  shortleaf  or  loblolly 
pine  are  equal  to  the  poorest  specimens  of  sound  longleaf  yellow  pine  in 
resistance  to  decay  under  atmospheric  conditions? 

(3)  "Do  you  consider  that  any  specimens  of  loblolly  pine  are  equal 
to  the  poorest  specimens  of  sound  shordeaf  yellow  pine  in  resistance 
to   decay   under    atmospheric   conditions?" 

The  most  pertinent  testimony  thus  secured  is  summarized  in  the 
following  statements:  It  seems  to  be  generally  conceded  that  when 
longleaf  yellow  pine  has  all  of  the  bark  and  most  of  the  sap  removed 
by  sawing  to  merchantable  sizes  that  it  cannot  always  be  identified  as 
to  species.  It  can,  however,  be  distinguished  always  by  the  cones,  straw 
or  leaf,  and  bark.  Many  practical  inspectors  accept  as  longleaf  pine 
all  yellow  pine  which  is  close  grained,  regardless  of  its  botanical  classifi- 
cation. Some  of  the  best  buyers,  however,  maintain  an  inspection  from 
the   time   the   timber    is   cut,    and    thus    determine    the   species. 

While  trees  of  the  same  species  dififer  materially  in  their  rate  of 
growth,  and  as  a  rule  the  strength  of  the  timber  is  directly  proportioned 
to  the  closeness  of  grain,  it  is  claimed  that  the  following  gives  a  fair 
general  comparison : 

Longleaf  pine  has   16-30  annual   rings  per  inch. 

Cuban  pine  has  10-20  annual  rings  per  inch. 

Shortleaf  pine  has  8-20  annual   rings   per   inch. 

Loblolly  pine  has  3-15  annual  rings  per  inch. 

Shortleaf  and  loblolly  pine  can  resist  decay  as  well  as  longleaf 
only  when  they  are  protected  from  moisture,  or  are  thoroughly  preserved 
by  chemical  treatment.  Some  experienced  inspectors  claim  that  in  dura- 
bility poor  longleaf  pine  is  better  than  good  shortleaf,  and  that  the 
poorest  shortleaf  pine  is  better  than  the  best  loblolly  pine.  Tliis  statement 
refers  to  the  ordinary  atmospheric  conditions  to  which  limber  is  sub- 
jected in  railroad  structures.     On  the  other  hand,  some  claim  that  close 
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grained  shortleaf  pine  will  outlast  coarse  grained  longleaf  pine  when 
exposed  to  the  weather. 

Practically  all  of  the  replies  indicate  that  loblolly  pine  is  less  dura- 
ble than  shortleaf  pine  when  thus  exposed.  True  loblolly  cannot  be 
air-seasoned  in  the  districts  where  it  grows.  It  turns  "blue"  on  account 
of  the  rapid  development  of  the  mycelium  of  a  fungus.  Loblolly  is 
used  largely  for  the  interior  finish  of  buildings,  for  which  it  is  well 
adapted. 

While  there  seems  to  be  some  conflict  of  opinion  on  what  is  called 
loblolly  pine,  it  is  stated  that  in  many  sections  it  grows  in  and  adjacent 
to  low  places  like  bay  galls  and  swamps,  while  shortleaf  pine  grows 
in  open  dry  woods.  In  other  cases  lobloliy  pine  exists  as  second  or  third 
growth  in  areas  previously  occupied  by  good  stands  of  the  other  species 
of  pine. 

One  inspector  describes  loblolly  pine  in  characteristic  style,  as  fol- 
lows :  "Always  'honest  old  loblolly,'  a  thick,  rough  bark ;  open,  coarse, 
soft,  pulpy  wood;  about  as  much  heart  as  a  rabbit,  or  none  at  all. 
Treated  by  creosoting,  that  is  to  say,  under  pressure,  filled  and  not 
forced  out  again,  it  is  given  an  artificial  or  second  life,  better  than  its 
first  or  natural  one.  This  pine  takes  treatment  kindly,  cannot  help 
itself.  Robbed  of  its  sap,  its  only  form  of  life,  its  pores  filled  with  oil, 
it  enters  upon  its  real  existence,  which  shall  be  long  or  short,  accord- 
ing to  the  honesty  of  the  'creosote  man,'  who  has  given  it  finally  what 
nature  denied,  a  soul." 

Loblolly  pine  is  so  inferior  in  durability  for  railroad  bridge  and 
trestle  structures,  unless  chemically  treated,  that  it  should  be  kept  in 
a  subdivision  by  itself. 


DISCUSSION. 

The  President: — We  will  now  take  up  the  report  of  the  Committee 
on  Wooden  Bridges  and  Trestles,  Mr.  Henry  S.  Jacoby,  chairman, 
Bulletin  96,  page  5. 

I  will  ask  the  chairman  to  make  a  preliminary  statement  to  the 
meeting  on  the  Committee's  report. 

Prof.  H.  S.  Jacoby  (Cornell  University)  : — Mr.  President,  as  you 
will  notice,  our  report  consists  of  several  portions,  the  first  one  as 
printed,  beginning  on  page  9  of  Bulletin  No.  96.  Special  attention  is 
called  to  the  differences  on  page  10  between  these  specifications  for 
bridge  and  trestle  timbers  and  those  reported  by  Committee  Q  of  the 
American  Society  for  Testing  Materials.  As  printed  in  this  Bulletin, 
a  conclusion  was  framed,  which  it  was  the  intention  of  the  Committee 
to  present  for  adoption,  but  on  account  of  the  action  of  the  Yellow 
Pine  Manufacturers'  Association,  which  adopted,  with  but  slight  modifi- 
cation, the  specifications  for  structural  timber  that  were  adopted  Sep- 
tember I  by  the  American  Society  for  Testing  Materials,  and  its  ap- 
pointment of  a  committee  of  conference  to  aid  in  eliminating  the  remain- 
ing differences  that  may  exist,  thus  showing  a  disposition  to  meet  the 
railway  engineers  on  a  much  clearer  and  fairer  basis  than  heretofore, 
your  Committee  desires  to  withdraw  that  conclusion,  and  asks  that  the 
work  be  allowed  to  go  over  for  another  year,  hoping  by  the  end  of  that 
time  to  be  able  to  present  specifications  that  will  be  acceptable,  and 
that  will  be  observed  by  the  manufacturers,  and  thus  bring  about  con- 
ditions that  will  be  very  much  better  than  those  now  existing.  Your 
Committee  further  desires  to  have  the  differences  given  on  page  10 
discussed  by  the  members  present,  so  that  the  attitude  of  the  conven- 
tion on  these  points  may  be  known.  The  Committee  wishes  to  know 
which  items  are  regarded  by  the  members  of  the  Association  as  very 
important  and  which  might  be  fairly  waived.  Before  mentioning  the 
other  portions  of  the  report,  it  will  be  well  to  have  these  differences 
discussed.  (Prof.  Jacoby  then  read  the  items  under  "General  Require- 
ments Applying  to  Both  Grades,"  referred  to  above.)  It  may  be 
explained  in  a  word  that  grade  No.  2  is  intended  to  cover  material 
for  uses  in  which  the  life  or  durability  of  the  structure  is  not  an 
important   factor,    such    as    falsework   and   other   temporary   construction. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  :— Mr. 
Chairman,  I  move  that  these  differences  be  taken  up  one  at  a  time  and 
that  discussion  be  called  for  on  each  one. 
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The  President : — The  Secretary  will  please  read  the  first  difference 
in   the  general    requirements,   applied   to   both   grades. 

The   Secretary: — Committee   Q   allow   dead   timber   to  be   used. 

The  President : — I  understand  that  Dr.  Von  Schrenk,  a  member  of 
this  body  as  well  as  a  member  of  the  Society  for  Testing  Materials, 
has  some  information  in  regard  to  the  attitude  of  the  manufacturers 
on  these  differences,  and  we  would  be  glad  if  he  would  tell  us  what 
they  are. 

Dr.  Hermann  Von  Schrenk  (Rock  Island  System)  : — Mr.  Presi- 
dent, the  American  Society  for  Testing  Materials  have  for  three  years 
been  trying  to  harmonize  the  specifications  which  lumber  manufacturers 
have  been  working  under,  with  the  specifications  which  railway  engineers 
have  established  for  structural  timbers.  Last  year,  at  the  summer  meet- 
ing of  the  Southern  Yellow  Pine  Manufacturers'  Association,  we  made 
a  request  on  the  part  of  the  Committee  of  the  American  Society  for 
Testing  Materials  that  the  Yellow  Pine  Manufacturers'  Association 
appoint  a  committee  to  criticise  the  specifications  which  we  had  drawn 
up  and  which  were  finally  adopted  by  the  American  Society  for  Testing 
Materials,  by  letter-ballot,  in  September  last  year.  The  Yellow  Pine 
Manufacturers,  during  the  busy  season  of  the  summer,  found  no  occa- 
sion for  a  meeting  with  us,  and  feeling  that  the  action  of  the  manu- 
facturers might  be  interpreted  as  an  unwillingness  on  their  part  to 
co-operate  with  the  American  Society  for  Testing  Materials,  as  well  as 
the  Maintenance  of  Way  Association,  we  took  up  this  matter  with  them 
at  their  annual  meeting  in  New  Orleans  in  January  of  this  year.  I 
was  very  glad  to  express  an  opinion,  speaking  for  the  American  Society 
for  Testing  Materials,  as  well  as  for  this  Association,  that  it  was  high 
time  for  the  manufacturers  to  come  to  some  decision  as  to  whether 
they  wanted  to  co-operate  with  the  railway  engineers  in  determining 
upon  some  kind  of  specifications  or  not,  and  they  were  told  very 
briefly  that  the  matter  had  dragged  on  about  five  or  six  years;  that 
there  had  been  a  good  deal  of  discussion,  and  that  we  had  taken  the 
bull  by  the  horns  in  drawing  up  a  series  of  specifications  specifying 
what  the  engineer  could  properly  use,  and  it  was  now  up  to  them  to 
determine  whether  they  could  make  the  material  specified.  I  further 
told  them,  unless  they  took  some  action  at  the  January  meeting  in 
regard  to  the  specifications  that  we  had  drawn  up,  that  we  would 
consider  that  as  an  unwillingness  to  do  anything  in  the  matter,  and 
that  we  should  proceed  with  the  matter.  There  was  discussion  upon 
the  part  of  the  Yellow  Pine  Manufacturers  of  the  specifications  which 
we  had  submitted,  and  I  am  glad  to  say  that  there  was  a  very  strong 
and  decisive  feeling  on  the  part  of  many  leading  men  that  the  only 
way  to  get  at  this  problem  was  to  take  action  similar  to  the  grading 
rules  which  the  American  Society  for  Testing  Materials  had  adopted. 
After  long  discussion  the  convention  agreed  to  endorse  the  specifications 
of    the    American    Society    for    Testing    Materials    and    try    them    for    a 
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time.  They  appointed  a  committee,  which  had  only  one  meeting,  t^o 
days  before  the  meeting  of  this  Association,  and  I  can  say  for  the 
manufacturers  that  they  have  gone  into  these  differences  which  the 
Wooden  Bridges  and  Trestles  Committee  have  drawn  up  here,  and 
they  have  offered  a  scries  of  criticisms  and  have  made  suggestions  in 
regard  to  the  specifications  recommended  by  your  Committee  here  and 
the  American  Society  for  Testing  Materials.  I  simply  want  to  read  one 
paragraph  of  the  report,  a  preliminary  statement  of  the  attitude  which 
the  Yellow  Pine  Manufacturers  have  in  regard  to  these  differences : 

"At  the  present  time,  in  making  prices  on  railroad  material,  manu- 
facturers pay  very  little  attention  to  the  grading  rules.  If  they  have 
been  shipping  the  railroad  company,  knowing  the  kind  of  material  they 
have  been  accepting,  they  base  their  prices  J'ccordingly.  If  they  have 
not  been  shipping  them,  they  will  make  a  lower  price  to  the  railroad 
company,  who  will  inspect  the  stock  at  the  mill,  because  if  the  inspector 
is  inclined  to  be  technical,  they  can  run  the  rejected  timbers  back  to  the 
band  and  saw  them  to  something  else.  I  know  at  our  mills  we  cut 
practically  the  same  kind  of  timbers  on  all  railroad  orders,  regardless 
of  their  grading  rules,  as  we  find  tlic  kind  of  timbers  any  railroad 
accepts  depends  entirely  on  the  inspector.  If  we  were  required  to  fur- 
nish timbers  graded  technically  on  the  grading  rules  and  specifications 
of  some  of  the  railroad  companies,  we  would  not  take  the  orders  at 
any  price,  but  we  have  found  that  soine  of  the  railroad  companies  with 
the  most  rigid  grading  rules  are  the  most  liberal  in  their  inspection. 
So,  in  our  first  sales  to  any  railroad  company,  we  make  it  a  rule  to 
ship  a  trial  car  or  two  before  taking  a  large  order  to  see  how  it  pleases 
them,  or  we  insist  on  mill  inspection  until  we  can  find  out  just  what 
they  will  accept.  So,  while  it  is  true  that  the  grades  and  specifications 
adopted  by  Committee  Q  of  the  American  Society  for  Testing  Materials 
are  not  as  rigid  as  some  of  the  railroad  companies,  it  is  my  opinion 
that  railroad  companies  buj^ing  on  specifications  adopted  by  the  above 
society  will  get  equally  as  good  lumber  as  they  would  gc-t  by  buying 
on  their  own  rigid  specifications." 

Gentlemen,  that  is  about  right.  We  have  been  trying  to  get  some- 
thing in  the  way  of  specifications  which  will  do  away  with  such  as  this. 
While  the  specifications  are  not  perfect,  we  believe  we  have  made  them 
of  a  character  so  that  they  will  be  fair  and  at  the  same  time  make  it 
possible  for  the  inspector  to  say  definitely  yes  or  no,  and  at  the  same 
time  make  a  specification  which  is  a  saw-milling  proposition.  The  speci- 
fications as  now  drawn  up  by  the  Committee  under  discussion  are  of 
such  a  character  that  there  is  not  a  mill  from  North  Carolina  to  China 
that  could  furnish  stringers  of  that  character.  The  attitude  of  the 
manufacturers  is  a  very  fair  and  considerate  one.  I  bave  given  them 
all  the  hard  knocks  I  could  possibly  give  them  in  order  to  make  them 
feel   the   necessity  and   desirability   of    coming   together   with    us,    and    I 
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feel  very  confident  that  we  are  on  the  high  road  of  being  able  to  do 
that.  When  we  get  together  on  a  specification  they  will  probably  incor- 
porate the  specificatiqns  on  the  first  page  of  their  grading  rules,  and 
the  engineer  will  hereafter  buy  yellow  pine  on  the  Yellow  Pine  Manu- 
facturers' specifications.  So  far  as  the  differences  are  concerned  be- 
tween Committee  Q  and  the  present  Wooden  Bridges  and  Trestles 
Committee,  while  they  are  somewhat  at  variance,  I  think  with  a  little 
work  on  the  part  of  the  Yellow  Pine  Manufacturers  and  the  Society 
for  Testing  Materials  and  this  Association,  our  differences  can  be  har- 
.monized. 

Mr.  McDonald : — Mr.  Chairman,  I  move  that  it  is  the  sense  of  this 
meeting  that  dead  timber  be  not  allowed ;  and  in  support  of  that  motion 
I  wish  to  say  that  while  timber  that  has  been  deadened  only  a  short 
time  and  left  standing  might  not  be  objectionable,  I  believe  that  where 
timber  has  been  dead  long  enough  to  allow  the  sap  to  begin  to  rot,  the 
heart  wood  is  also  affected,  and  while  it  might  not  always  be  possible 
to  determine  whether  the  timber  had  been  deadened  or  not,  unless 
there  was  enough  sap  on  the  stick  to  show,  nevertheless,  I  think  we 
should  prohibit  dead  timber  as  a  protection,  because  in  nearly  all 
instances  there  is  enough  sap  to  tell  whether  it  has  been  dead  long 
enough  to  be  injurious  or  not. 

(Motion  seconded.) 

The  President: — The  question  would  be  upon  the  adherence  to  the 
Committee's  recommendation  that  dead  timber  be  not  allowed. 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — Mr.  President,  have  we  not 
a  requirement  in  the  specification  which  would  throw  out  decayed  tim- 
ber, so  that  any  timber  submitted  for  acceptance  which,  as  Mr.  Mc- 
Donald says,  already  shows  decay  in  sap,  would  be  thrown  out  anyway? 
It  seems  to  me  that  we  go  a  little  too  far  if  we  say  that  no  dead  tim- 
ber shall  be  accepted;  because  certain  kinds  of  killed  timber  are  all 
right.  The  other  requirements  of  the  specifications  ought  to  rule  out 
any  timber,  alive  or  dead,  that   is   in  any  wa>    decayed. 

Mr.  McDonald : — My  motion  probably  was  not  in  the  right  shape. 
Our  specifications  require,  except  as  noted,  all  timber  should  be  cut 
from  sound,  live  trees. 

The  President : — The  Chair's  ruling  would  be  that  the  vote  would 
be  upon  changing  that  form  of  expression  in  the  general  requirements. 

Mr.  W.  W.  Curtis : — This  matter  has  been  up  in  the  past  year 
time  and  again  in  connection  with  the  Tie  Committee's  report,  and  the 
Tie  Committee  has  endeavored  to  get  this  wording  left  out  of  its 
specifications.  The  specifications  of  the  Wooden  Bridges  and  Trestles 
Committee  recite  that  the  timber  shall  be  free  from  all  decay.  There 
is  nothing,  so  far  as  I  can  learn,  in  the  contention  that  there,  is  any 
virtue  in  the  specification  that  timber  shall  be  cut  from  live  trees,  and 
I  do  not  think  you  can  find  any  botanist  or  forester  who  will  support 
such  a  statement.     Your  own  statement  is  that  you   reject  dead   trees, 
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because  sometimes  in  deadened  trees  there  is  decay.  All  right;  do  not 
take  it  if  it  is  decayed.  I  would  like  to  see  the  convention  put  this  on 
the  right  basis,  and  not  on  the  question  of  whether  the  trees  are  dead 
or  alive.  The  question  is  whether  the  timber  is  sound  or  decayed.  I 
would  like  to  see  the  motion  offered  by  Mr.  McDonald  fail,  and  I 
would  substitute  therefor  that  this  Committee  be  advised  that  it  is  the 
sense  of  the  Association  that  the  clause,  as  given  by  the  committee  of 
the  other  association,  is  preferable. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — My  understanding  is  that 
what  we  may  vote  on  now  will  not  be  mandatory  to  the  Committee,  but 
it  will  give  the  Committee  our  views,  leaving  it  to  the  Committee  to 
adjust  the  differences  after  conferences  with  other  joint  committees,  and 
to  bring  in  its  report  at  the  next  convention.  I  think  we  would  handi- 
cap our  Commiitee  in  its  conferences  with  the  other  associations  if  we 
say  imperatively  that  it  must  do  so  and  so  in  certain  cases,  and  at  the 
same  time  we  necessarily  will  fail  to  agree  if  the  Committee  only  gives 
consideration  to  the  vote  to-day  upon  these  items  and  aims  to  follow 
the  instructions  or  the  outline  of  the  ideas  developed  here. 

The  President : — The  view  of  the  speaker  is  correct,  except  that  the 
only  way  this  body  can  express  an  opinion  is  through  a  motion.  The 
Committee  will  then  take  the  conclusion  home  to  itself  and  be  guided 
by  other  considerations,  next  year  come  back  with  such  recommenda- 
tions as  they  may  deem  proper.  If  they  see  fit  to  ignore  the  opinion 
indicated  by  the  vote,  on  motion,  they  would  have  to  give  us  justifica- 
tion for  thus  ignoring  such  opinion.  The  question  now  is  upon  Mr. 
McDonald's  motion  to  disagree  with  the  Committee  on  Testing  Mate- 
rials on  the  conclusion  of  Committee  Q,  which  allows  dead  timber  to 
be  used. 

Professor  Jacoby : — Can  anyone  give  definite  information  upon  the 
question :  If  dead  timber  does  not  show  any  signs  of  incipient  decay, 
how  does  its  durability  compare  with  that  cut   from  live  trees? 

The  President : — Dr.  Von  Schrenk,  have  you  any  opinion  upon 
that  point? 

Dr.  Von  Schrenk : — As  a  general  rule,  the  mere  fact  that  the  tim- 
ber is  dead  in  and  of  itself  will  not  have  any  particular  effect  upon  its 
life.  The  point  is,  how  long  has  it  been  dead?  If  timber  has  not  been 
dead  too  long,  the  question  of  decay  might  determine  whether  the 
timber  is   fit  or  not. 

Dr.  W.  K.  Hatt  (Purdue  University)  : — The  speaker  was  chairman 
of  the  sub-committee  of  Committee  Q,  which  prepared  this  specification. 
On  that  committee  were  two  members  of  this  Association.  The  Com- 
mittees of  the  American  Society  for  Testing  Materials  are  composed  of 
engineers,  lumbermen  and  foresters.  With  reference  to  the  use  of  dead 
timber,  there  are  large  areas  of  shortleaf  and  longleaf  pine  in  the  West- 
ern Mountains  which  have  been  killed  by  fire.  We  have  some  tests  on 
that  fire-killed  timber  which  in  comparison  with  the  same  kind  of  timber 
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that  had  not  been  killed  is  as  sound  and  tested  higher.  The  timber 
had  been  seasoned  in  the  tree.  My  opinion  is  that  if  the  specifications 
be  that  timber  must  be  cut  from  sound  trees  the  point  will  be  met. 

Mr.  Berg: — I  would  like  to  ask  the  Committee  chairman  for  in- 
formation. How  did  Committee  Q  express  the  difference  in  saying  dead 
timber?  Is  it  specified  that  dead  timber  can  be  allowed,  or  is  it  by 
inference? 

Professor  Jacoby: — Committee  Q  specifies  as  follows:  "Except  as 
noted,  all  timber  shall  be  cut  from  sound  trees."  It  simply  omits  the 
word  "live,"  and  if  the  word  "live"  were  omitted  ffom  our  specifications 
it  would  cover  the  ground  and  make  it  the  same  as  that  of  Com- 
mittee Q. 

Mr.  Berg : — I  consider  that  the  wording  of  the  clause  as  presented 
by  Committee  Q  would  certainly  cover  the  case  at  issue,  and  that  the 
specifications  are  not  so  far  apart  if  we  omit  the  word  "live." 

Mr.  R.  D.  Coombs  (Pennsylvania  Tunnel  &  Terminal  Company)  : — 
The  feeling  of  the  sub-committee  was  that  unless  the  word  "live"  were 
inserted  in  the  specifications,  it  might  pave  the  way  to  the  introduction 
of  certain  material,  which  might  not  be  distinguishable,  as  you  buy  it, 
from  good,  sound,  live  material.  It  was  thought  better  at  the  present 
at  least  to  insert  the  word  "live"  and  prevent  any  dead  timber  being 
supplied. 

Mr.  McDonald : — The  question  is  not  one  of  strength  but  of  dura- 
bility, and  with  regard  to  Mr.  Berg's  suggestion,  that  sound  timber 
would  be  sufficient,  leaving  out  the  word  "live,"  it  would  depend  largely 
on  the   interpretation  of  the  word   "sound." 

Mr.  W.  W.  Curtis : — The  specifications  say  that  it  should  be  free 
from  decay.     Signs  of  decay  are  certainly  in  decayed  timber. 

Mr.  McDonald : — Then,  if  the  sap  is  blue,  that  is  an  indication  of 
fungus  growth,  does  Mr.  Curtis  consider  that  that  would  be  considered 
decay  ? 

Mr.  W.  W.  Curtis: — I  prefer  to  have  Dr.  Hatt  or  Dr.  Von  Schrenk 
answer  that  question. 

Dr.  Von  Schrenk: — If  there  was  fungus  growth  on  a  stick,  I  should 
not  consider  it  sound.  As  far  as  blue  sap  is  concerned,  I  think  that 
question  was  settled  many  years  ago.  The  mere  fact  that  a  stick  is 
blue  is  not  an  indication  that  the  stick  is  decayed  or   unsound. 

Professor  Jacoby : — Dr.  Von  Schrenk,  in  his  previous  statement, 
thought  the  value  of  dead  timber  depended  upon  the  length  of  time 
that  the  tree  was  dead  before  being  cut  and  used.  What  length  of  time 
would  he  indicate? 

Dr.  Von  Schrenk : — The  length  of  time  would  be  anywhere  from  one 
to  fifty  years,  depending  upon  the  length  of  time  it  was  cut,  how  it 
was  killed,  and  the  conditions  under  which  it  stood.  As  far  as  durabil- 
ity is  concerned,  that  is  a  matter  of  local  judgment.  In  the  Southern 
regions  a  stick  of  longleaf  pine  mig'ht  stand  only  about  a  year.     I  think 
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that  question  is  answered  by  the  fact  that  no  manufacturer  would  go 
out  into  the  timber  and  saw  down  a  stick  and  offer  it  for  good  timber 
if  it  were  a  rotten  tree.  They  do  not  cut  down  rotten  trees.  There 
are  a  great  many  trees  in  the  South  that  are  killed  by  fire  that  they 
cut  down,  provided  they  appear  sound.  If  they  do  not  show  any  rot, 
they  cut  them.  I  personally  do  not  know  a  case  where  a  manufacturer 
will  saw  a  tree  that  shows  mould  or  indications  of  unsoundness  on  the 
outside. 

Mr.  O.  E.  Selby  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — 
This  impresses  me  as  being  the  life  available  to  the  user.  The  pur- 
chaser of  timber  wants  to  get  the  greatest  life  out  of  it  that  he  can, 
and  I  take  it  that  the  timber  begins  to  deteriorate  as  soon  as  it  is  sawn. 
It  is  true  it  begins  to  season  at  the  same  time,  but  a  tree  that  has  stood 
dead  a  year  or  two  years  in  the  forest  is  in  the  same  position  that  a  tree 
is  that  has  been  cut  and  been  stored  for  that  length  of  time.  If  it  had 
an  original  life  of  12  years  and  has  stood  two  years  in  the  forest,  one- 
sixth  of  its  life  has  gone  and  is  not  available  to  the  purchaser. 

Mr.  R.  H.  Reid  (Lake  Shore)  :— It  seems  to  me  that  there  is 
another  question  that  comes  up  in  specifying  timber  cut  from  live, 
sound  trees.  Timber  that  is  cut  from  a  live  tree  must  necessarily  be 
reasonably  good.  If  it  is  cut  from  a  dead  tree  the  question  is,  how 
did  it  die,  whether  from  bleeding  for  turpentine,  or  from  fire,  or  some 
other  disease?  You  may  get  defective  timber  from  a  tree  that  has  been 
dead  six  months.  The  question  how  long  a  tree  may  be  alive  after  it  is 
cut  down  is  important.  The  cutting  down  of  «i  tree  does  not  necessarily 
kill  it  immediately.  We  have  had  piles  from  trees  that  have  been  cut 
several  months  and  driven  into  the  work,  and  they  kept  on  raising 
branches  when  in  the  ground.  A  tree  that  has  been  bled  or  cut  in 
the  forest  may  be  alive  a  year  after  that,  and  I  should  think  in  that 
case,  "cut  from  live,  sound  timber"  would  cover  the  conditions  about 
as  well  as  anything.     Diseased  timber  will  not  stand  in  service. 

The  President: — The  question  is  upon  Mr.  McDonald's  motion, 
not  to  agree  to  the  conclusion  of  Committee  Q  to  allow  dead  timber  to 
be  used. 

(A  vote  was  then  taken  upon  the  motion,  which  was   lost.; 

The  President : — The  expression  along  this  line  will  go  to  the  Com- 
mittee, that  it  is  the  view  of  this  body  that  we  disagree  with  Com- 
mittee Q. 

The  Secretary  :^Committee  Q  have  no  specifications  regarding  wind. 

Mr.  Reid : — In  regard  to  wind,  in  the  caie  of  posts,  I  do  not  think 
that  a  reasonable  amount  of  wind  is  seriously  objectionable.  In  the  case 
of  caps,  it  is  a  little  more  so,  and  in  the  case  of  stringers  it  is  much 
more  so. 

The  President : — If  there  is  no  further  discussion,  the  Committee 
will   understand   that   their   specification   regarding   wind    is   approved. 
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The  Secretary :— Committee  Q  allow  sawing  ^-in.  scant  from  given 
size,  with  loss  in  area  of  from  4V2  to  10^  per  cent. 

Dr.  Von  Schrenk: — Mr.  Chairman,  the  reason  why  Committee  Q 
put  in  that  specification  was  to  take  common-sense  methods  of  manu- 
facturing m  a  sawmill.  It  is  impossible,  as  any  mill  is  now  operated, 
to  saw  a  stick  of  timber  absolutely  to  size.  Before  we  adopted  that 
specification  we  sent  out  a  circular  to  bridge  engineers  asking,  if  they 
specified  a  12  by  12  stringer,  how  often  they  got  a  12  by  12.  If  they 
did  not  get  it,  what  did  they  get?  We  received  a  scries  of  replies, 
from  which  it  was  found  that  practically  no  one  obtained  exact  sizes. 
This  is  simply  to  do  away  with  the  technical  question  in  inspection. 

Mr.  Snow:— I  think  that  the  position  of  Committee  Q  should  be 
endorsed.     I  move  that  the  requirement  be   adopted. 

The  President :— The  Committee  will  understand  that  the  con- 
clusion of   Committee  Q  bears   the  endorsement  of  this  body. 

The  Secretary :— Committee  Q  permit  loose  knots  except  within  4 
in.  of  the  edge  of  stringers. 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— I  move  that 
Committee  Q  be  not  agreed  with,  in  allowing  loose  knots  within  4  in. 
of  the  edge  of  stringers. 

Professor  Jacoby : — The  specification  of  Committee  Q  states,  for 
No.  I,  that  "loose  knots,  or  knots  greater  than  1J/2  in.  in  diameter,  will 
not  be  permitted  at  points  within  4  in.  of  the  edges  of  the  piece." 

The  President: — The  question  is  upon  the  adoption  of  the  motion 
to  disagree  with   Committee  Q  on  this   difference. 

Dr.  Hatt:— I  would  like  to  call  attention  to  the  fact  that  there  is 
a  difference  in  the  size  of  knots  allowed  by  the  two  committees.  This 
Committee  allows  knots  1^2  in.  or  under;  whereas  Committee  Q  allows 
a  knot  2^  in.  in  diameter.  It  is  my  opinion  that  a  knot  2^^  in,  in 
diameter,  not  within  4  in.  of  the  face  in  an  8  by  16  stringer,  is  not  an 
excessive  size.  There  seems  to  be  no  good  reason  for  limiting  this  to 
ly^  in.     Such  a  2^-in.  knot  will  not  cause  failure  of  the  stringer. 

Mr.   Coombs: — Dr.   Hatt's   last  comment  really  refers  to   the  second 
item  under  grade  No.  i   rather  than  to  the  item  under  discussion. 
(Mr.  Loweth's  motion  was  adopted.) 

The  Secretary: — Committee  Q  permit  knots  in  the  corners  of  posts. 

Mr.  W.  F.  Steffens  (South  &  Western)  : — The  question  of  knots  in 
the  corners  of  posts  is  largely  taken  care  of  by  the  local  field  forces. 
If  the  post  is  so  placed  in  the  structure  that  water  will  not  tend  to 
enter  the  knot,  that  is,  if  the  stick  is  reversed  from  the  direction  that 
it  grew,  it  would  seem  that  knots  in  corners  might  be  allowable  up  to 
within    reasonable   limits. 

Mr.  Snow: — I  move  that  the  position  of  Committee  Q  be  agreed  to 
in  that  respect. 

(Motion   seconded   and    carried.) 
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The  Secretary:— Committee  Q  permit  5  per  cent,  less  heart  in 
stringers. 

Mr.  Loweth: — Mr.  Chairman,  I  move  that  the  recommendation  of 
Committee  Q  be  not  concurred  in.  There  will  certainly  be  no  difficulty 
in  getting  fir  stringers  with  less  than  lo  per  cent,  of  sap,  and  while  a 
greater  allowance  must  be  made  for  Southern  pine,  it  ought  not  to  be 
as  great  as  20  per  cent.  As  worded,  the  specifications  permit  the  full 
amount  of  sap  at  one  corner,  and  a  stringer  with  one-fifth  of  its  bear- 
ing surfaces  of  sapwood  would,  in  time,  have  an  uneven  bearing  on 
caps  or  of  ties  on  it.  It  is  a  mistake  to  include  fir  and  Southern  pine 
together  in  these  specifications. 

Mr.  Coombs: — The  sub-committee  were  rather  inclined  to  waive  th^ 
additional  5  per  cent,  and  are  inclined  to  agree  with  Committee  Q  in 
that  respect. 

Mr.  McDonald:— I  would  be  inclined  to  agree  with  Committee  Q, 
on  the  ground  of  the  almost  impossibility  of  securing  timber  for  stringers 
that  contain  as  much  as  two-thirds  heart  on  the  small  faces,  measured 
at  any  point  of  the  stick.  I  have  experienced  a  great  deal  of  difficulty, 
and  have  sent  my  inspector  to  the  mills,  and  our  average  rejections  are 
about  30  per  cent,  of  all  timber  on  specifications  requiring  only  two- 
thirds  of  heart  on  the  small  face.  We  are  often  charged  with  being 
extremely  technical  in  insisting  upon  it.  I  do  not  believe  it  is  possible 
to  secure  more  than  that. 

Mr.  Howard  G.  Kelley  (Grand  Trunk)  :— I  want  to  ask  the  Com- 
mittee whether  the  15  per  cent,  sap  is  to  be  taken  at  any  definite  place 
along  the  stringer  or  is  to  be  an  average  of  what  the  stringer  shows. 

Mr.  Coombs : — Our  specifications  would  compel  the  measurement 
to  be  taken  at  the  worst  point,  whereas  the  Yellow  Pine  Association 
want  an  average  value  used. 

Mr.  McDonald : — I  do  not  find  anything  in  the  description  of  this 
difference  referring  to  an  average.  Committee  Q  permit  5  per  cent, 
less  heart  in  a  stringer.  We  require  85  per  cent,  of  heartj  measured  at 
the  worst  point. 

The  President : — The  question  is  upon  Mr.   Loweth's  motion. 

(Upon  vote  the  motion  was  lost.) 

The  Secretary : — Committee  Q  permit  knots  over  2^  in.  in  stringers, 
if  not  within  4  in.  of  the  edge. 

The   President: — We  will  be  glad  to  have  comments   on   that. 

Dr.  Hatt : — I  will  repeat  my  statement  made  a  few  minutes  ago, 
that  a  2^-in.  knot  will  not  cause  failure  of  the  stringer. 

Mr.   McDonald : — I   move   that  we  concur  with    Committee   Q. 
(Motion  seconded  and  carried.) 

The  Secretary : — Committee  Q  require  no  limit  to  sap. 

Dr.  Hatt: — Mr.  Chairman,  this  Committee  seems  to  have  a  different 
conception  of  grade  No.  2  from  that  of  the   Committee  of  the   Society 
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for  Testing  Materials.  Specifying  70  per  cent,  heart  in  No.  2  grade 
would  practically  shut  out  the  use  of  shortleaf  pine. 

M'r.  Coombs : — The  sub-committee  feel  that  the  grade  No.  2,  as 
specified  by  this  Committee,  is  a  little  severe,  but  on  the  other  hand 
they  believe  that  Committee  Q,  in  providing  no  requirement,  goes  as  far 
on  the  side  of  leniency  as  we  do  on  the  side  of  stringency,  and  we 
would  like  to  have  an  expression  of  opinion  from  some  of  the  members 
as  to  about  what  per  cent,  heart  would  be  desirable  in  a  No.  2  grade. 

Mr.  McDonald : — I  move  that  we  concur  with  Committee  Q  in  that 
respect. 

(Motion  seconded  and  carried.) 

The  Secretary : — Committee  Q  do  not  give  an  alternative  wane  on 
two  corners  of  stringers. 

Dr.  Hatt: — Mr.  Chairman,  Committee  Q  retire  from  that  position,  I 
am  sure,  and  concur  with  the  present  Committee. 

The  President: — In  view  of  the  statement  of  Professor  Hatt,  it  will 
be  understood  that  there  will  be  no  change  on  that  point. 

The  Secretary: — Committee  Q  allow  knots  up  to  4  in.  in  i6-in.  sides, 
and  3  in.  in  12-in.   sides,  for  stringers,  caps  and  posts. 

The  President : — The  Committee  will  be  glad  to  hear  from  any 
member  on  that  point. 

Professor  Jacoby : — ^The  statement  in  the  specifications  of  Com- 
mittee Q  reads  as  follows :  "Knots  must  not  exceed  in  their  largest 
diameter  one-quarter  the  width  of  the  face  of  the  stick  in  which  they 
occur."  Of  course  it  works  out  4  in.  in.  diameter  for  a  i6-in.  stick  and 
3  in.  for  a  X2-in.  stick. 

Mr.  Snow : — Can  we  have  the  reading  of  the  Committee's  specifica- 
tion to  that  effect? 

(The  Secretary  read  the  Committee  specifications.) 

Mr.  Snow: — Wherein  does  that  differ  from  Committee  Q? 

Mr.  Coombs : — In  the  general  requirements  in  which  it  is  stated  that 
knots  over  2V2  in.  in  diameter  will  not  be  permitted  in  anything. 

The  President: — Unless  there  is  some  expression  of  opinion,  the 
Committee  is  to  understand  that  you  do  not  agree  on  recommendation 
of  Committee  Q,  under  grade  No.  2. 

Dr.  Hatt: — These  large  knots  referred  to  by  the  chairman  of  the 
Committee  are  not  at  the  corners  of  the  posts.  The  interests  of  the 
structure  are  safeguarded  by  Committee  Q  under  grade  No.  2. 

The  President : — We  will  take  up  the  revised  specifications  for 
piling. 

Mr.  Coombs : — The  Committee  in  looking  over  the  question  of 
specifications  for  piling  took  as  many  railroad  specifications  as  they 
could  obtain,  and  went  over  them  with  a  view  to  tabulating  the  differ- 
ent requirements,  and  the  table  as  printed  on  page  11  is  practically  a 
digest  of  the  general  result  of  that  tabulation.  I  must  admit  that  the 
sub-committee  thinks  it  could  be  as  well  expressed  in  a  single  descriptive 
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sentence,  and  apply  to  any  kind  of  timber,  because  there  are  very  few- 
points  of  difference.  The  Committee  would  like  an  expression  of  opinion 
from  members  of  the  convention  as  to  whether  it  is  preferable  to 
specify  the  size  and  characteri-stics  of  the  stock  which  the  specifications 
are  intended  to  obtain,  or  whether  it  is  better  to  specify  the  best  grade 
of  timber  you  can  get   from  a  given   species   of   timber. 

The  President : — In  the  absence  of  any  discussion  or  comment,  the 
Committee  understands  that  this  will  be  recommitted  to  them  to  be 
taken  up   next  year. 

Professor  Jacoby: — Your  attention  is  called  next  to  the  report  on 
page  12,  relating  to  wooden  trestle  bridges  with  ballast  floors.  This 
report  is  the  result  of  excellent  work  and  investigation  on  the  part  of 
the  sub-committee.  Notice  particularly  the  statement  of  the  great  dif- 
ference in  cost,  which  is  given  on  page  13,  where  the  estimated  costs 
per  linear  foot  of  trestle,  according  to  the  Mobile  &  Ohio  and  Illinois 
Central  plans,  as  constructed  by  different  roads,  arc  given  in  the  first 
table,  and  then  according  to  the  plan  of  the  Atchison,  Topeka  &  Santa 
Fe  System,  in  the  second  table.  You  will  notice  a  considerable  differ- 
ence in  the  cost,  depending  on  local  conditions.  It  is  this  fact  which 
makes  it  extremely  difficult  to  prepare  any  statement  of  relative  cost 
and  relative  advantages  in  all  details,  so  as  to  bring  a  report  before 
this  Association  in  a  form  that  requires  anything  very  definite  to  be 
adopted. 

Especial  attention  is  also  directed  to  the  statement  of  advantages 
and  disadvantages  as  given  on  page  22,  and  this  may  probably  be 
accomplished   best   by   reading   it : 

"The  merits  claimed  for  the  ballast  floor  trestle  may  be  summarized 
thus :  Long  life,  small  cost  of  maintenance,  practically  continuous  road- 
bed, easier  riding  track  which  may  be  lined  and  surfaced  by  section 
labor,  decreased  danger  from  fire  and  greater  safety  in  case  of  derail- 
ment. 

"The  claim  relating  to  long  life  and  small  cost  of  maintenance  will 
probably  not  be  sustained  unless  all  of  the  timbers  in  the  trestle  are 
properly  treated  with  an  effective  preservative. 

"The  disadvantages  of  ballast  floor  trestles  to  which  attention  has 
been  called  are  the  following:  Difficulty  of  obtaining  properly  treated 
timber,  great  first  cost  of  construction,  possible  and  probable  excessive 
cost  of  maintenance  when  the  structure  becomes  old,  difficulty  of  careful 
inspection  of  the  vital  parts  of  the  structure,  difficulty  of  making  repairs 
and  renewals  and  their  probable  excessive  cost,  and  doubt  as  to  the 
ultimate  economy  of  their  use. 

"In  the  absence  of  authoritative  information  on  the  final  cost  of 
maintenance  and  of  renewals,  the  Committee  cannot  make  a  definite 
computation  on  the  economic  merits  or  demerits  of  the  ballast  floor 
trestle." 

None  of  the  ballast   floor  trestles  constructed  in   this   country  have 
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yet  been  renewed,  and  hence  it  is  impossible  to  obtain  any  idea  of  what 
that  cost  of  renewal  may  involve.  In  this  connection  reference  is  made 
to  a  typographical  error  in  the  fifth  line  from  the  bottom  on  page  12,  in 
which  the  date  of  construction  of  the  first  trestle  of  this  type  is  given 
as   1878.    It  should   read   1876. 

The  President : — The  convention  will  understand  that  the  report 
of  the  Committee  on  Wooden  Bridges  and  Trestles  with  ballasted  floors, 
as  treated  in  this  report,  is  offered  as  a  matter  of  information  largely. 
If  any  member  has  any  specific  information  of  value  upon  the  two 
types,  we  will  be  glad  to  hear  from  him.  If  Mr.  Montfort  is  here  we 
will  be  glad  to  hear  from   him. 

Mr.  R.  Montfort  (Louisville  &  Nashville)  :— The  Louisville  &  Nash- 
ville Railroad  acquired  the  New  Orleans  &  Texas  Railroad,  running 
from  Mobile  to  New  Orleans,  about  1880,  and  with  it  acquired  quite  a 
number  of  ballasted  floor  trestles,  which  had  been  built  in  1876.  These 
were  ballasted  with  sand.  The  stringers  in  most  of  them  formed  3 
solid  floor,  while  in  two  or  more  the  stringers  were  spaced  quite  a 
distance  apart,  floored  over  with  planks  and  filled  in  with  sand  ballast. 
These  stringers  are  used  to-day.  After  becoming  too  light,  about  1890, 
those  with  the  solid  stringer  floors  were  strengthened  by  adding  addi- 
tional sticks  on  top  of  the  creosoted  sticks.  These  latter  sticks  were 
not  treated,  it  being  supposed  that  the  creosoted  lumber  would  rot  out 
as  fast  as  the  green  lumber  being  put  in.  As  a  matter  of  fact-,  neither 
the  green  nor  the  treated  sticks  have  yet  rotted  out,  although  some 
repairs  have  been  made.  The  piles  under  these  trestles  were  driven  in 
1876,  and  these  piles  are  still  in  use.  They  show  no  indications  of 
decay,  and  we  hope  that  they  will  last  a  good  many  years  yet  to  come. 
I  believe  these  are  about  the  oldest  ballasted  floor  trestles  in  the  United 
States. 

Professor  Jacoby: — Will  Mr.  Montfort  please  state  whether  any 
renewals  or  material  repairs  to  the  ballasted  trestles  have  been  made 
on  any  other  portions  of  the  road? 

Mr.  Montfort: — No;  we  did  not  use  ballasted  trestles  on  any  other 
part  of  the  road  until  some  ten  or  twelve  years  ago,  and  there  has  been 
no  renewal  of  piles  in  any  of  these  trestles. 

Professor  Jacoby : — The  portion  of  the  report  relating  to  the  safe 
unit  stresses  used  in  wooden  bridges  and  trestles,  which  begins  on 
page  23,  is  a  progress  report,  and  is  submitted  as  such  in  order  to  give 
the  Association  the  result  of  the  investigations  made  during  the  past 
year,  particularly  as  showing  the  present  practice  in  regard  to  unit 
stresses  adopted  in  the  design  of  wooden  bridges  and  trestles.  In  a 
letter  received  a  few  days  ago  by  the  Committee  the  opinion  was 
expressed  that  some  roads  probably  gave  the  unit  stresses  which  are 
used  in  designing  new  work,  whereas  others  may  have  reported  a  unit 
stress  which  is  higher  than  that  used  for  new  work  but  which  is  still 
regarded  as  safe,  thus  attempting  to  account  for  some  of  the  differences 
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which  appear  in  the  graphic  representation  of  the  unit  stresses.  It  is 
hoped  by  the  Committee  that  members  of  the  Association  will  examine 
the  material  published  and  submit  written  discussions  to  be  printed  in 
Bulletins  for  the   information   of   the   Committee. 

The  next  portion  of  the  report  begins  en  page  42  and  relates  to 
the  preservation  of  structural  timber.  This  also  is  submitted  as  a 
progress  report.  The  sub-committee  felt  that  the  present  state  of  the 
art  did  not  justify  the  consideration  of  any  other  method  of  treatment 
for  structural  timber  than  creosoting,  and  consequently  this  report  deals 
only  with  that  method  of  preservation.  In  the  appendix  are  quoted 
the  specifications  for  creosoting  Pacific  Coast  piling  and  timber,  and 
which  contain  the  best  information  that  the  Committee  was  able  to 
secure.  It  was  not  considered  a  part  of  the  work  this  year  to  prepare 
detailed  specifications,  that  being  a  subject  for   future  consideration. 

Some  members  have  expressed  dissent  from  the  recommendation 
given  here,  restricting  creosoting  to  ballasted  floor  trestles,  thinking 
that  a  stand  should  be  taken  to  encourage  the  treatment  of  open-deck 
trestles  as  well,  but  since  it  is  merely  a  progress  report  that  matter,  of 
course,  will   receive   further  consideration. 

The  last  part  of  the  report  begins  on  page  50  and  relates  to  stand- 
ard names  for  structural  timbers.  This  matter  was  before  the  Asso- 
ciation last  year  and  was  referred  back  to  the  Committee  after  some  dis- 
cussion relating  principally  to  the  fact  that  there  was  disagreement  with 
the  recommendations  of  Committee  Q  of  the  American  Society  for 
Testing  Materials  in  giving  three  subdivisions  of  Southern  yellow  pine, 
namely,  longleaf,  shortleaf  and  loblolly  pine,  whereas  Committee  Q  has 
only  the  two  subdivisions  of  longleaf  and  shortleaf,  it  being  assumed 
that  shortleaf  includes  loblolly.  After  considerable  correspondence  and 
investigation  the  Committee  finds  no  reason  for  changing  the  recom- 
mendation which  was  made  last  year. 

In  this  connection  the  chairman  cannot  do  better  than  to  read  a 
statement  prepared  by  one  of  the  members  of  the  Committee  who 
expected  to  be  here  but  was  finally  unable  to  come.  His  statement  is 
the  result  of  extended  experience  and  investigation  concerning  the  char- 
acteristics of  timber : 

"The  great  bulk  of  longleaf  yellow  pine  is  close-grained,  has  a  thin 
sap  ring,  and  carries  a  large  amount  of  resin  oils.  As  in  all  the  others, 
the  butt  cuts  carry  the  most  resin  and  are  superior  to  the  top  cuts  in 
strength,  durability  and  weight.  It  is  straight-grained,  most  bridge 
carpenters  distinguishing  longleaf  from  shortleaf  by  the  straightness 
of  the  grain.  On  chewing  the  resinous  heart  wood  the  oil  will  be  found 
sticky,  rather  pleasant  in  flavor,  and  gives  a  cooling  sensation  to  the 
outer  membrane  of  the  gum,  something  like  the  effect  of  oil  of  pepper- 
mint. The  timber  lasts  on  exposure  from  five  to  fifteen  years,  depend- 
ing on  the  climate,  whether  top  or  butt  cut,  and  the  amount  of  resin. 
Bleeding  the  pine  for  resin  is  usually  considered  injurious  to  the  dura- 
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bility  of  the  timber.  Season  checks  are  parallel  to  the  edge.  The 
greater  durability  of  longleaf  pine  is  usually  attributed  to  the  effect 
of  the  large  quantity  of  resin,  but  it  may  also  be  due  to  a  difference  in 
the  cell  formation  or  to  a  difference  in  the  chemical  composition  of  the 
resin.  The  full-grown  tree  averages  longer  than  shortleaf  and  shorter 
than  loblolly  pine. 

"Shortleaf  pine  is  usually  cross-grained  and  checks  diagonally  to 
the  edges.  The  width  of  sap  riaig  averages  greater  than  longleaf  and 
less  than  loblolly  pine.  It  lasts  on  exposure  from  two  to  five  years, 
depending  on  climate.  I  have  heard  it  repeatedly  stated  by  local  resi- 
dents and  mill  men  that  shortleaf  pine  was  not  fit  to  be  used  for  house 
or  mill  sills,  even  the  best  heart  wood  lasting  in  this  condition  only 
two  or  three  years.  For  interior  work  the  principal  distinction  between 
longleaf  and  shortleaf  pine  lies  in  the  difference  of  the  grain  previously 
mentioned.  On  chewing  the  latter  wood  the  flavor  is  less  agreeable 
than  that  of  the  longleaf  pine  and  resembles  the  flavor  of  spruce. 

"Loblolly  pine  is  never  to  my  knowledge  used  as  bridge  timber, 
except  with  treatment,  usually  creosote.  It  cannot  be  air-seasoned  in 
the  districts  where  it  grows,  as  the  sap  wood  turns  bluish  or  blackish 
in  a  few  months.  When  treated  it  must  be  seasoned  by  steaming,  as 
air-seasoning  is  out  of  the  question.  Excepting  the  selected  heart  wood 
of  longleaf  pine,  it  is  the  most  valuable  of  the  three  species  for  interior 
finish,  as  there  is  less  contrast  in  appearance  between  the  top  and  butt 
cuts  and  between  the  heart  and  sap  wood  than  in  the  other  two.  It  is 
also  lighter  in  color." 

Dr.  Von  Schrenk: — Will  the  Committee  please  inform  us  how  they 
distinguish  longleaf,  shortleaf  and  loblolly  pine.  Here  is  a  piece  of 
timber  (displaying  sample),  that  is  universally  called  by  lumbermen  all 
through  the  United  States  loblolly  pine.  In  fact,  as  a  specification  of  a 
telephone  engineer  in  Boston  said,  any  timber  that  had  two  rings  to 
the  inch  is  loblolly  pine.  The  Committee  said  something  about  it  not 
having  as  much  heart  as  a  rabbit.  I  would  like  to  ask  the  Committee 
what  they  call  this  stick  of  timber  (exhibiting  another  sample)  ?  Here 
is  just  as  true  a  piece  of  botanical  loblolly  pine  as  this ;  it  has  the  cones 
and  leaves  and  bark  and  is  botanically  a  piece  of  loblolly  pine.  I  «-'efy 
any  timber  inspector  to  go  out  and  inspect  that  and  say  it  is  the  same 
as  this.  Here  is  another  piece,  likewise  true  loblolly  pine,  botanically 
as  the  other  piece,  and  these  were  cut  from  specified  trees.  There  is  as 
true  a  piece  of  loblolly  pine  as  can  be  found.  Our  contention  is  that 
the  rules  adopted  for  botanical  distinction  are  not  applicable  to  commer- 
cial uses.  The  question  of  bluing  of  sap  is  something  which  cannot  be 
taken  as  a  guide,  because  all  pines  have  that.  The  main  point  we  tried 
to  bring  out  is  what  we  want  is  fiber  in  the  stick,  and  if  we  have  fiber 
we  do  not  care  what  the  material  is — loblolly,  or  shortleaf,  or  longleaf. 
and  the  question  of  durability  does  not  enter.  I  gathered  from  a  con- 
versation with  the  ■  Committee  that  they  were  afraid,   in  specifying  only 
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two  grades,  thgit  the  durability  question  would  enter.  I  guarantee  that 
a  stick  of  that  kind  of  timber,  Iicart  wood  (exhibiting  sample),  pro- 
vided it  comes  up  to  the  specification  of  strength,  that  that  stick  will 
last  as  long  as  any  stick  of  longlcaf  pine  grown  in  the  world.  I  think 
the  American  Society  for  Testing  Materials  has  been  more  severe  than 
the  Committee  of  this  Association  when  they  specify  the  close-grained 
and  solid  wood  shall  be  longleaf  and  open-grained  and  porous  wood 
shall  be  shortleaf.  I  hope  the  Committee  this  year  will  reconsider  that 
proposition  in  view  of  the  fact  that  the  matter  is  being  taken  up  by 
various  Boards  of  Trade  all  over  the  country.  In  the  eastern  part  of 
the  United  States  discussions  are  being  carried  on  among  manufactures, 
architects  and  engineers  to  try  to  determine  the  legal  phase  of  the  situa- 
tion. A  great  deal  of  lumber  is  thrown  out  for  structural  material  on 
account  of  the  distinction  between  shortleaf  and  longleaf  and  loblolly, 
and  the  various  manufacturing  associations  arc  trying  to  determine  how 
to  distinguish  them. 

I  return  to  the  first  question  I  asked  of  the  Committee,  and  that 
is  if  they  will  define  how  they  tell  shortleaf  from  loblolly   and  longleaf? 

Professor  Jacoby :- — The  correspondence  on  this  subject  during  the 
course  of  the  year  indicated  such  a  decided  lot  of  flat  contradictions 
on  the  part  of  men  in  the  lumber  business  and  of  engineers  who  have 
watched  timber  in  structures  that  it  is  an  exceedingly  difficult  proposi- 
tion, and  the  Committee  is  not  prepared  this  year  to  make  any  recom- 
mendation. We  thought  it  preferable  to  have  it  go  over,  perhaps,  for 
another  year.  The  question  of  life  or  durability  is  an  essential  one, 
and  if  any  members  of  the  Association  have  definite  information  relating 
to  the  life  of  such  structures,  or  whether  loblolly  pine  may  be  safely 
used  without  treatment,  the  Committee  will,  of  course,  be  very  glad 
to  receive  it.  The  statement  made  by  one  of  our  number  indicated 
that  so  far  as  he  knew  loblolly  pine  was  not  used  in  railroad  structures 
unless  treated. 

In  conclusion,  reference  is  made  to  page  8.  The  Committee  presents 
a  conclusion,  No.  3,  that  there  be  added  to  the  definitions  of  standard 
defects  of  structural  timber  the  following: 

"16.     Ring  Shake. — An  opening  between  annual  rings. 

"17.  Through  Shake. — A  shake  which  extends  between  two  faces 
of  a  timber." 

These  additional  definitions  have  also  been  adopted  by  the  American 
Society  for  Testing  Materials. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — A  subject  was 
brought  up  a  moment  ago  by  the  chairman  of  the  Committee  relative 
to  the  statements  given  on  page  29,  and  following,  which  were  made 
up  in  answer  to  questions  on  page  24;  and  I  think  we  should  not  allow 
the  diagrams  to  go  into  the  Proceedings  without  a  footnote  covering 
the  statement  made  by  the  chairman  of  the  Committee.  Many  roads 
give  specification  allowance  of  fiber  stresses,   whereas  other   roads  gave 
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the  correct  answer  to  the  question,  which  was  the  extreme  fiber  stresses 
that  they  would  allow.  Under  these  circumstances,  there  being  two 
different  methods  of  giving  answers  to  the  same  question,  either  correc- 
tions should  be  made  in  the  diagrams  before  publishing  or  else  a  foot- 
note should  be  added  calling  attention  to  the  difference.  The  matter 
is  so  important  that  we  cannot  afford  to  have  publication  completed 
without  calling  attention  to  it. 

Dr.  Hatf: — I  call  attention  of  the  chairman  of  the  Committee 
to  a  point  raised  by  me  a  moment  ago.  The  question  concerning  the 
durability  of  loblolly  pine  does  not  come  up.  Specifications  do  not  allow 
either  loblolly  or  shortleaf  or  first-class  stringers.  Shortleaf  stringers 
are  to  be  No.  2  stringers.  I  do  not  think  the  point  of  durability  has  any 
bearing  at  all  on  the  question  as  to  the  trade  names  of  these  three 
kinds.  I  ask  if  the  Association  is  to  be  asked  to-day  to  adopt  this 
classification  of  the  Committee? 

The  President : — The  report  offered  to-day  is  a  progress  report,  and 
so  understood.  It  will  be  taken  up  by  the  Committee  for  further 
revision  to  be  again  reported  next  year. 

Regarding  the  suggestion  made  by  Mr.  Churchill,  it  is  understood 
that  the  discussion  will  develop  the  information  and  the  statement  made 
by  the  chairman  of  the  Committee.  There  is  not,  however,  any  objec- 
tion to  a  footnote  being  made  to  call  attention  to  that  discussion  par- 
ticularly. 

(A  vote  was  taken  on  the  adoption  of  definitions  Nos.  16  and  17, 
as  proposed  by  the   Committee,  and  they  were  adopted.) 

The  President : — The  Committee  is  relieved  with  the.  thanks  of  the 
Association. 

Mr.  W.  K.  Hatt  (Civil  Engineer  Forest  Service,  Professor  of  Civil 
Engineering,  Purdue  University — by  letter)  : — The  Standard  Specifica- 
tions for  bridge  and  trestle  timbers  are  presumbaly  for  timber  to  be  used 
in  the  untreated  condition. 

Specifications  for  structural  timber  should  be  descriptive  of  ma- 
terial; (a)  that  is  to  be  procured  under  commercial  conditions,  and 
(b)  of  a  quality  that  an  engineer  responsible  for  the  safety  of  the 
public  would  put  in  a  structure. 

The  writer  desires  to  make  the  following  comments  upon  those 
submitted  by  the   Committee : 

(i)  As  a  precautionary  measure,  it  may  be  well  to  specify  that 
timber  shall  be  cut  from  live  trees.  It  must  be  understood,  however, 
that  there  are,  in  the  Western  forests,  large  bodies  of  timber  that  have 
"been  killed  by  fire,  the  wood  of  which  is  sound. 

(2)  The  standard  size  of  sawed  timber  is  defined  in  the  specifica- 
tions of  the  American  Society  for  Testing  Materials  as   follows : 

"Rough  timbers,  when  sawed  to  standard  size,  shall  mean  that  they 
shall  not  be  over  ^-in.  scant  from  actual  size  specified.  For  instance, 
a  12x12  in.  shall  measure  not  less  than  Ii54  in.xii54  in." 
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This  clause  is  intended  to  be  a  statement  of  the  prevailing  practice 
of  the  sawmills.  In  view  of  shrinkage,  irregular  sawing,  etc.,  does  the 
Committee  expect  that  exact  sizes  and  perfectly  plane  surfaces  will  be 
furnished  ? 

(3)  A  loose  knot  is,  of  course,  a  much  more  serious  defect  in 
a  board,  in  which  it  is  likely  to  cause  a  hole,  than  in  the  middle  of 
the  vertical  face  of  a  stringer,  the  strength  of  which  is  not  affected 
thereby.  The  loose  knot  in  the  stringer  is,  however,  objectionable,  on 
account  of  the  opportunity  it  gives  for  decay  or  fire. 

(4)  In  the  opinion  of  the  writer,  a  2y^-in.  knot  that  is  not  within 
4  in.  of  the  edges  of  an  8x16  in.  stringer  is  not  of  excessive  size.  There 
teems  to  be  no  good  reason  for  limiting  this  to  a  ij^  in. 

(5)  The  Committee  on  Wooden  Bridges  and  Trestles  seems  not 
to  have  the  same  conception  of  the  No.  2  grade  as  the  Committee  of 
the  American  Society  for  Testing  Materials.  This  No.  2  grade  was 
intended  to  cover  such  use  as  falsework  and  other  uses  in  which  the 
durability  of  the  material  would  not  be  the  controlling  element.  It 
seems  to  the  writer  that  specifying  70  per  cent,  heart  for  No.  2  grade 
would  practically  shut  out  the  use  of  shortleaf  pine  in  structural  size. 
(See  Table  3-) 

The  Committee  has  already  shut  out  loblolly  pine  from  No.  2  grade. 
Of  course,  in  buying  and  using  lumber,  the  consumer  will  not  dis- 
tinguish between  the  species  and  will  take  account  of  the  quality.  In 
the  view  of  the  Committee  of  the  American  Society  for  Testing  Mate- 
rials, which  was  made  up  of  elements  representing  the  engineers,  lum- 
bermen, foresters,  the  terms  longleaf  and  shortleaf  were  intended  to 
describe   quality.    Quoting   from   the    Committee    report : 

"It  is  understood  that  these  terms  are  descriptive  of  quality,  rather 
than  of  botanical  species.  Thus,  shortleaf  pine  would  cover  such  species 
as  are  now  known  as  North  Carolina  pine,  loblolly  pine,  and  shortleaf 
pine.  'Longleaf  Pine'  is  descriptive  of  quality,  and  if  Cuban,  short- 
leaf,  or  loblolly  pine  is  grown  under  such  conditions  that  it  produces 
a  large  percentage  of  hard  summer  wood,  so  as  to  be  equivalent  to  the 
wood  produced  by  the  true  longleaf,  it  would  be  covered  by  the  term 
'Longleaf  Pine.'  " 

It  appears  to  the  writer  that  the  picture  drawn  of  loblolly  pine  in 
the  Committee's  report  is  not  descriptive  of  the  better  class  of  this 
species,  such  as  is  known  as  North  Carolina  pine.  Figs.  I  and  2  exhibit 
the  range  of  loblolly  pine. 

The  writer  has  recently  analyzed  the  results  of  tests  on  42  loblolly 
pine  and  48  shortleaf  pine  beams  from  8  in.xi2  in.  to  8  in.xi6  in.  in 
cross-section.  The  timber  was  green.  Table  I  gives  the  results  of 
this  analysis.  In  both  cases  the  beams  represent  a  good  quality  of 
merchantable  timber,  which,  in  the  opinion  of  the  writer,  is  entirely 
suitable  for  No.  2  trestle  timbers.  With  respect  to  these  beams,  it 
appears  that 


Fig.  I— 8xi6-in  Section  Through  Loblolly  Pine  Stringer.    Large  Per 
Cent,  of  Summer  Wood. 


Fig.    2— Sections   Through    5X12-IN.    Loblolly    Pine   Beams,    Showing 
378  Range  of  Quality  in  Loblolly   Pine. 
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(i)     The  loblolly  beams   were  as   strong  as   the   shorlleaf,   and 

(2)     Per  cent,  of  sap  had  little  influence  on  the  strength. 

The  per  cent,  of  sap  stated  is  on  the  basis  of  cross-sectional  area, 
whereas  ihe  specifications  for  trestle  timbers  are  on  the  basis  of  area  of 
the  face  of  the  stick. 

Figs.  I  and  2,  in  conjunction  with  Table  I,  lead  the  writer  to  the 
conclusion  that,  while  some  loblolly  pine  may  present  the  characteristics 
described  in  the  Committee's  report,  the  species  also  produces  good 
structural  timber. 

The  48  shortleaf  pine  beams  were  analyzed  to  determine  the  per 
cent,  of  sap  on  the  faces  at  the  center.     (See  Table  3.) 

If  the  specifications  of  the  Committee  of  70  per  cent,  heart  be 
applied  to  the  poorest  face  of  the  stick  at  center  only,  7  of  the  48 
beams  would  pass.  And  yet  these  shortleaf  pine  beams  were  undoubt- 
edly good  timber.     Table  3  gives  the  basis  of  this   statement. 


TABLE   I. — SHORTLE.\F    .-\ND   LOBLOLLY  COMPARED. 

Per  cent,  of  sap  Rings 

Loblolly.                                     in  cross-section.  per  in. 

5  beams  with  greatest  sap 86.4  4.96 

5  beams  with  lowest  sap 3.2  7.60 

Shortleaf. 

5  beams  with  greatest  sap 60.0  9.6 

5  beams  with  lowest  sap 0.2  12.2 


Modulus 
Rupture. 

5926 

6122 


5750 
5742 


TABLE  II.— RINGS  PER  INCH,  ETC.,  OF  PINES  IN  STRUCTURAL  SIZES. 
5"x8"  UP  TO  8"xl6"  IN  Cross-Section. 


Rings 
Per 
Inch. 


Per  Cent.  A'odulus 

of  Sap  in  of  Rupture 

Cross-  in  Lbs. 

Section.  Per  Sq.  In. 


Modulus  of 
Elasticity 

in  1,000  Lbs. 
PerSq.In. 


Number 
Tested. 


Rings 


Rings 


Rings 


LONGLEAF. 

Average  of  All 

Average  lO'^o,  highest 
Average  \0'i,  lowest. 
Maximum,  single.  .  .  . 
Minimum,  single.  .  .  . 

Loblolly. 

Average  of  All 

Average  10%,  highest 
Average  107,  lowest. 
Maximum,  single.  .  .  . 
Minimum,  single.  . .  . 

Shortleaf. 

Average  of  Ail 

Average  IOC,  highest 
.Average  IOC,  lowest . 
Maximum,  single.  .  .  . 
Minimum,  single 


13.5 
2.3.6 

6.6 
25.4 

6.2 


5.2 
10  3 

2.7 
17.2 

2.5 


119 
19.7 

7.1 
23  0 

6.0 


6.0 

7.5 

12.5 

13.0 

6.0 


45.3 
16.5 
63  0 
8.0 
83.0 


26.8 
24  0 
33.7 
40.0 
44.0 


6,493 
6,855 
6,270 
7,250 
6,040 


5,191 
6,065 
3,427 
6,770 
2,995 


5,609 
5,805 
5.294 
5,040 
5.680 


1,433 
1,250 
1,304 
1,310 

1,242 


1,289 
1,670 

689 
1,262 

357 


■1,477 
1,477 
1,436 
1,272 
1.498 


12 
2 
2 
1 
1 


81 
8 
8 
1 
1 


72 
7 
7 
1 
1 
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Besides  this,  in  the  opinion  of  the  writer,  there  is  not  sufficient 
difference  between  No.  I  and  No.  2  grade  in  the  specifications  of  the 
Maintenance  of  Way  Committee  now  under  discussion  to  justify  the 
preparation  of  specifications  for  the  latter  grade.  For  instance,  can  a 
pile  of  stringers  be  sorted  out  on  the  basis  of  a  difference  in  heart 
from  8s  to  70  per  cent,  and  a  difference  in  knot  diameter  of  from 
i^  in.  to  2  in.? 

As  a  practical  instrument,  it  appears  to  the  writer  that  the  specifi- 
cations of  th^  No.  2  grade  of  the  American  Society  for  Testing  Mate- 
rials are  to  be  preferred  to  the  specifications  reported  by  the  Committee. 

Rings  per  Inch.  The  writer  has  analyzed  results  of  tests  on  12 
longleaf  pine,  81  loblolly  pine  and  72  shortleaf  pine  beams,  ranging 
from  5  in.xS  in.  to  8  in.xi6  in.  in  cross-section  to  determine  the  range 
in  rings  per  inch.  The  latter  quantity  in  each  case  is  the  average  rings 
per  inch  for  the  cross-section  of  the  stick.  There  may  be,  of  course, 
a  greater  range  throughout  the  cross-section  of  any  one  stick.  Table 
II  represents  the  results  of  this  analysis.  It  should  be  noted  that  the 
analysis  is  based  on  rings  per  inch,  rather  than  on  other  functions,  such 
as  per  cent,  of  sap,  modulus  of  rupture  and  modulus  of  elasticity.  For 
instance,  8  sticks  of  loblolly  pine  present  10.3  rings  per  inch.  The 
same  sticks  present  16^/2  per  cent,  of  sap.  These  8  sticks  are  10  per 
cent,  of  the  total' and  are  selected  to  include  the  highest  8  values  of 
rings  per  inch.  It  is  not  to  be  understood,  however,  that  the  highest 
8  values  of  per  cent,  of  sap  would  yield  an  average  of  16^  per  cent. 
The  same  reasoning  applies  to  the  modulus  of  rupture  and  modulus 
of  elasticity,  for  which  values  are  averaged  from  the  same  sticks  used 
in  computing  the  average  rings  per  inch. 

Table  II  exhibits  the  range  in  rings  per  inch  to  be  expected,  and 
may  be  summarized  as  follows : 

Longleaf  ranges  from  23.6 6.6  rings 10  per  cent,  basis. 

25.4 6.2  rings single  beam. 

Loblolly    ranges  from  10.3..... 2.7  rings 10  per  cent,  basis. 

17.2 2.5  rings -.  .single  beam. 

Shortleaf  ranges  from  19.7 7.1  rings 10  per  cent,  basis. 

23.0 6.0  rings single  beam. 

In  a  general  way,  the  strength  decreases  as  the  number  of  rings 
per  inch  decrease. 

Safe  Unit  Stresses.  The  tests  of  the  Forest  Service  show  that 
beams  break  under  longitudinal  shear  at  the  stress  of  only  about  one- 
half  the  actual  shearing  strength  of  the  wood  fiber  as  determined  on 
small  specimens.  This  diminution  is,  of  course,  due  to  checks,  and 
other  imperfections.  This  does  not  mean  that  the  unit  stress  for  pure 
shear  may  be  higher  than  that  for  longitudinal  shear  in  beams,  because, 
while  timber  in  a  joint  subjected  to  pure  shear  may  have  its  full  strength 
when  new,  seasoning  may  bring  about   the  checks  and  cracks   that   are 
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TABLE  III.— SHORTLEAF  PINE— PER  CENT.  OF  HEART  MEASURED  ON  THE 
FACE  AT  CENTER  CROSS-SECTION. 

Large  Beams,  8"  x  16"  x  16';  8"  x  14"  x  16';  8"  x  12"  x  16';  5  "  x  8"  x  16' 


Size  of  Beam,  8"xl6" 

Size  of  Beam,  8"  x  14" 

Lab.  No. 

Face 

Having 

Min. 

Face 

Having 

Max. 

All 

Faces. 

Lab.  No. 

Face 

Having 

Min. 

Face 

Having 

Max. 

All 
Faces. 

14.357 
14.356 
14.355 
14.342 
14.341 
14.343 
14.339 
14.329 
14,328 
14,323 
14,319 
14,327 

63 
0 
■0 
0 
0 
0 

90 
0 
0 
0 
0 

75 

100 
80 
92 
20 
85 
76 

100 
76 
76 
55 

100 

100 

93 
50 
71 
7 
50 
48 
97 
54 
50 
40 
80 
94 

14,410 
14.407 
14.400 
14.399 
14.386 
14,385 
14.384 
14,383 
14,370 
14,369 
14,368 
14,367 

Average.  . 

0 
0 
0 
0 
0 
0 
0 
0 

30 
100 

12 
0 

55 

63 

15 

28 

100 

86 

65 

65 

100 

100 

100 

85 

35 

35 

9 

9 

80 

60 

50 

40 

90 

100 

96 

25 

Average.  . 

19 

80 

61 

12 

72 

52 

Size  of  Beam.  8"xl2" 

Size  of  Beam,  6"  x  8" 

14.415 
14.416 
14,417 
14,418 
14,431 
14,432 
14,433 
14,434 
14,435 
14,451 
14.452 
14.453 
14,454 
14,455 
14,471 
14,472 
14,473 
14,474 
14,487 
14.488 
14,489 
14.490 
14,491 
14,492 

85 

75 

0 

75 

§ 

94 
50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100 
100 

65 
100 

75 

45 
100 

88 
100 

60 

50 

40 

40 

100 

0 

0 

0 

65 

45 

33 

25  • 
0 

25 

56 

94 

94 

55 

90 

40 

13 

97 

77 

53 

45 

27 

15 

12 

40 

0 

0 

0 

20 

13 

16 

7 

0 

13 

33 

14,511 
14,512 
14.513 
14.514 
14.515 
14.516 
14,529 
14.530 
14.531 
14.532 
14.533 
14,534 
14,535 
14,536 
14,537 
14,538 
14,559 
14,560 
14,565 
14.566 
14.567 
14.568 
14.569 
14,570 

Average. . 

100 
0 
0 

82 
0 
0 
0 
0 

25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40 

100 
50 
37 

100 
75 
77 
85 
15 

100 

25 

•   50 

40 

0 

85 

100 
50 

100 
30 
70 
18 

100 
50 
70 

100 

100 
28 
12 
88 
27 
55 
45 

5 
64  ! 

8 
28 
14 

0 
32 
45 
28 
46 
20 
45 

6 
64 
32 
25 
80 

Average.  . 

16 

55 

36 

10 

64 

37 

found  along  the  neutral  axis  of  beams.  In  the  opinion  of  the  writer, 
the  stresses  for  longitudinal  and  pure  shear  should  be  the  same  and 
equal  to  the  former.  Just  what  the  factor  of  safety  should  be  against 
longitudinal  shear  at  the  end  of  a  stringer  is  a  question  for  discussion. 
The  factor  of  safety  against  longitudinal  shear  in  existing  stringers 
is  certainly  much  less  than  that  against  fiber  stress  at  the  center. 

The  writer  would  call  attention  to  a  paper  of  his  published  in  the 
Proceedings  of  the  Indiana  Engineering  Society  for  1907,  entitled  "Unit 
Stresses  for  Designing  Timber  Structures." 
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ELASTIC    LIMIT    OF   TIMBER. 

The  statement  that  timber  has  no  true  elastic  limit  is  often  made. 
The  writer  has  gone  over  thousands  of  tests  ot  timber,  and  his  observa- 
tion is  that  the  relation  between  load  and  deflection,  under  the  ordinary 
testing  machine  load,  is  rectilinear.  Thus,  when  loads  are  applied  con- 
tinuously at  testing  machine  speeds  from  zero  to  maximum,  the  wood 
is  practically  elastic.  When  the  loads  are  held  on  constantly,  however, 
there  is  an  element  of  plasticity,  whereby  deflections  increase  as  time 
goes  on.  This  effect  also  exists  in  concrete,  and,  to  a  slight  degree,  in 
steel.  The  statement  that  timber  has  no  true  elastic  limit  seems  to  the 
writer  to  be  misleading. 

EFFECT     OF    TREATMENT     ON     THE     STRENGTH     OF    TIMBER. 

The  writer  has  summarized  his  views  on  this  topic  in  Bulletin  85 
of  the  American  Railway  Engineering  and  Maintenance  of  Way  Asso- 
ciation  (Vol.  8,  Proceedings  1907,  pp.  417-434). 

It  should  be  noted  that  the  conclusions  quoted  from  the  report  of 
the  writer  by  the  Committee  on  Wooden  Bridges  and  Trestles  were 
based  on  experiments  made  on  ties,  and  that  they  may  not  necessarily 
apply  to  treated  structural  timbers.  The  Committee  has,  therefore,  gone 
beyond  the  facts,  in  placing  limits  of  pressure,  etc.,  on  treatment  for 
large  structural  timbers. 

What  we  need  now  is  a  well-planned  series  of  tests  on  actual 
structural  timbers  treated  by  ordinary  processes  employed  at  the  present 
date  to  deterfnine  if  the  unit  stresses  for  treated  structural  timbers 
should  be  put  below  those  now  employed  for  untreated  timbers.  Such 
an  investigation  is  now  under  way  at  Seattle,  Washington,  where  Doug- 
las fir  is  being  treated  by  the  boiling  process,  and  will  be  tested  by 
the  Forest  Service  Testing  Laboratory  at  the  University  of  Washington. 
One  of  the  Southern  pines  has  been  treated  at  Granada,  Miss.,  and  will 
be  tested  at  Purdue  University.  It  is  hoped  that  the  program  will  be 
extended    to    include    the   other    Southern    pines. 

CONCLUSION. 

The  movement  for  standard  specifications  for  structural  timber  has 
been  directed  to  reconciling  differences  between  the  material  described 
and  the  material  obtainable.  The  specifications  of  the  Committee  on 
Wooden  Bridges  and  Trestles  do  not  seem  to  the  writer  to  reconcile 
these  differences  as  well  as  the  specifications  of  the  American  Society 
for  Testing  Materials.  The  latter  should  produce  safe  structural  ele- 
ments, and  are  to  be  preferred. 


REPORT  OF  COMMITTE  NO.  V— ON  TRACK. 

(Bulletin    9(j.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of    Way  Association: 

Three  meetings  of  the  Committee  were  held  in  the  Association's 
rooms  in  Chicago  during  the  past  year.  One  meeting  of  the  sub- 
committee was  held  with  the  sub-committee  of  the  American  Railway 
Master  Mechanics'  Association  in  New   York. 

TURNOUTS. 

A  complete  turnout,  showing  derail  connection,  for  main  track 
switches,  which  the  Committee  recommends  as  good  practice,  is  shown 
on    drawing. 

THE     SPLIT     SWITCH     TURNOUT      (STRAIGHT     POINTS). 

Let  in  the  accompanying  diagram  PK  and  CG  be  the  gage  lines 
of  the  main  track,  PC  the  point  of  switch,  PE  the  switch  rail,  and  G 
the  theoretical  frog  point  (G'  being  actual  frog  point)  ;  the  distauce 
AE  at  the  heel  of  switch  is  a  fixed  quantity  t,  also  ihe  length  of  switch 
rail  PE  =  s;  the  distance  HG,  which  is  the  prolongation  of  the  frog 
angle,  is  likewise  a  fixed  quantity  m.  Let'  the  frog  angle  HGD  =  0, 
and  the  gage  of  track  AB  ^  g,  then  the  elements  determining  the  turn- 
out are  given  and  the  length  of  lead  CG'  and  radius  of  turnout  curve 
HJ  can  be  computed. 

Draw  HD  normal  to  GD,  HJ  normal  to  HG,  EJ  normal  to  PE,  extend 
PE  and  GH  to  point  of  intersection  F,  connect  E  with  H  and  F  with 
J,  also  draw  AB  normal  to  AP  through  E  and  HM  normal  to  AB 
and  extend  GF  to  K. 

The  lead  CG'  is  composed  as  follows :  Switch  rail  CB  =  s,  the 
distance  BD  =  x,  distance  DG  =  m  cos  <P  and  the  distance  between 
theoretical  point  G  and  actual  point  G'  ^=  f ;  this  distance  depends  on  the 
degree  of  bluntness  of  point,  and  is  equal  to  that  quantity  times  number 
of  frog. 

In  the  right-angled  triangle  EHM  the  side  EM'=AB  —  AE  —  MB,  or 
g  —  t  —  m  sin    <p;  let  angle  APE  =  a  (which  is  a  known  quantity  from 
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the  relation:  t  -^  s  =  sin  a),  then  angle  EHM  =   (0+  a  )    -^  2,  and 
angle  HJF  =  (0— a)  -^  2;  express  the  known  quantity  EM  ==  b,  then: 

,  and  as  HM  =  BD  =  x: 


HM  =  b  cotg 


+  a 


■;  substitute  known  values  for  b: 


X  =  b  cotg 

2 

(p  +  a 

x=(g  — t  — msin  0.)  cotg ;  let  1  equal  total  length  of  lead;  then: 

2 

0-f-a 

1  =  8+  (g  —  t  —  m  sin  (p)  cotg +  m  cos  </>  +   f  ( i ) 

2 

Ordinarily  the  term  m  cos  </>  may  be  displaced  by  the  quantity  m,  as 
the  difference  is  so  small  as  to  be  negligible;  if  this  is  done  the  formula 
for  the  lead  may  be  simplified  as   follows : 

0-f  a 

l  =  s+(g  — t  —  m  sin  0)   cotg \-m  +  i.    (i^) 

2 
The  appended  table  has  been  computed  by  the  aid  of  this   formula. 
The   radius    R  of   turnout   curve   is    found    from    triangle    HEM,    in 

^  -f-  "^  0  "}"  '^ 

which  the  side  EH  =  b  -f-  sin  — — ;  then  HN  ^  b  ^  2  sin ;  then 

2  2 

HN  -^  HJ  =  sin ,  or 

2 

(f)  —  a 

HJ  =  HN  -^  sin . 

2 
Substituting  known  values  for  HN,  and  R  for  HJ: 

[(p  -\-a         <p  —  "■'t 
2  sin sin I   ;  set  known  values  for  b : 

(p  -\-  a         (p — a 

R  =  (g  —  t  —  m  sin  <p  )  -^  {2  sin sin ;  simplify  : 

2  2     J 

R=(g  —  t  —  m  sin  0) -f- (cos  a  —  cos  (p)     (2) 
If  the  above   general   formulas   are   applied   to   standard   gage   track 
where  the  heel  clearance  is  6  in.   and   the  clearance  HD   at   the  toe  of 
frog  is  9  in.,  they  may  be  simplified  as  follows : 

(p  -\-  a  • 

1  =  s  +  3.458  cotg f-  m  +  f  (3).  and 

2 
R  =  3.458^  (cosa  — cos  </>)     (4) 
The  angle  a  depends  on  the  length  of  switch   rail  s,  and  the  clear- 
ance at  the  heel  t ;  it  should  ordinarily  not  be  greater  than  one-third  of 
the   frog  angle    </>,    and   as  the   distance   t   is  fixed,   the   variation   in    the 
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G  ^^actual  Doint     ( ^/^  blunt  ) 
G  /theoretical  point 

hL.d 
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switch  angle  a  is  effected  by  the  selection  of  switch  points  of  suitable 
lengths. 

In  the  appended  table  switches  have  been  considered  from  Nos. 
4  to  24  frogs ;  it  is  compiled  by  the  use  of  the  above  formulas,  for  g  = 
4,708  ft.,  t  =  .5  ft.  and  i  '=  Yi  in.  times  number  of  frog.  The  elements 
assumed  are  typical  and  may  readily  be  varied  to  fit  any  case. 

In  column  I  the  length  of  switch  rails  is  given,  varying  from  10  ft. 
to  30  ft. ;  when  the  Committee  decided  on  their  lengths,  it  was  recog- 
nized how  difficult  it  would  be  to  suit  all  conditions,  and  while  they 
recommended  for  frogs  up  to  and  including  No.  12  switch  rails  of  10, 
15  and  20  ft.,  these  being  simple  ratios  of  the  30- ft.  rail,  it  must  be 
understood  that  an  ii-ft.  switch  rail  will  answer  instead  of  the  10- ft., 
a  i6]/2-it.  switch  rail  where  a  15-ft.  is  shown,  and  a  22^-ft.  in  place  of 
the  20-ft.   switch    rail,   if   these   dimensions   would    be    more    economical. 

The  balance  of  the  tables  are  self-explanatory,  and  have  been  ar- 
ranged with  a  view  of  simplified  computation.  All  linear  dimensions  are 
given  in  feet  and  decimals,  except  the  middle  and  side  ordinates  on  the 
turnout  curve,  which  are  given  in  inches.  The  angles  have  been  given 
to  the  nearest  minute  and  the  trigonometrical  functions  to  four  and  five 
decimals,  which  will  give  results  much  closer  than  can  be  determined 
in  the  actual  work  of  building  turnouts. 

SwiTCHSTANDS : — Your  Committee  has  no  report  to  make  upon  this 
subject  at  this  time,  owing  to  a  request  from  the  Committee  on  Signal- 
ing and  Interlocking  to  defer  action  until  their  scheme  of  signal  indi- 
cations is  completed. 

Length  of  Switches  : — A  circular  was  sent  to  the  members,  August 
20,  as  follows : 

"(i)  What  experience  have  you  had  or  what  has  been  your  prac- 
tice  with    switches   having   an    unbroken    main    track    rail? 

"(2)  Are  the  switches  still  in  use  in  your  line,  and  if  so,  please 
give  kind;  if  not,  what  was  reason  for  discontinuing  their  use? 

"(3)  Please  indicate  the  length  of  switch  points  you  consider 
best  to  use  for  both  rigid  and  spring  frogs  for  each  number  from 
4  to  24^  inclusive." 

Forty-six  replies  were  received.  With  these  answers  as  a  guide 
and  upon  further  discussion  in  meeting,  the  lengths  for  split  switches 
are  recommended,  as  shown  in  column  II  of  Table  No.  i. 

For  main  track,  the  Conmiittee  recommends  split  switches  as  shown 
on  drawing,  with  distant  switch  signal  interlocked  with  switchstand 
and  pipe  connected  derail. 
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It  has  been  shown  by  experiments  made  during  the  year  that  the 
reinforced  switch  with  two  connection  rods  is  stronger  than  the  plain 
switch    with    four    connection    rods. 

In  reference  to  the  relative  merits  of  split  switches  and  switches 
which  provide  continuous  main  track  rails,  a  few  replies  were  received 
to  questions  asked  upon  Ihis  subject  in  the  circular.  These  answers 
confirm  the  opinion  of  your  Committee. 

A  practical  switch  fulfilling  the  requirements  of  continuous  main 
track  rails  has  been  in  use  for  a  number  of  years.  This  form  of  switch 
is  going  out  of  use;  its  first  cost  is  about  three  times  the  cost  of  the 
split  switch,  and  it  has  not  proved  to  have  afforded  any  greater  safety. 
On  account  of  the  necessary  elevation  of  the  swilch  above  the  main 
track  rails,  there  is  liability  of  damage  to  equipment.  The  speed  of 
trains  must  be  the  minimum  when  using  turnouts  equipped  with  lifting 
switches.  On  account  of  its  not  being  suitable  for  all  points  a  double 
standard  is  required.  Trains  are  frequently  parted  when  using  these 
switches  on  account  of  the  heavy  grade  upon  the  switch  rails.  It  is 
practically  impossible  to  keep  the  wing  rail  on  spring  frogs  in  proper 
position  with  continuous  main  track  at   the  switch. 

Frogs  : — The  bolted  type  of  frog  is  recommended,  the  length  to  be 
such  that  the  standard  angle  bars  can  be  applied;  flangeway  to  be  1]/$  if- 
The  rails  should  be  of  open-hearth  steel,  fillers  to  be  made  of  rolled 
steel  and  fit  snug.  Bolts  of  fine  B.  B.  iron  round  and  true  to  size,  with 
U.  S.  standard  ends  and  threads  are  recommended.  Threads  should 
be  accurately  cut  and  nuts  have  a  wrench-tight  fit.  The  bolts  should 
be  provided  with  cotters  just  outside  of  the  nut.  Bolt  holes  should 
be  accurately  drilled,  holes  to  be  made  i/i6-in.  less  in  diameter  than 
the  bolts  to  be  used ;  the  parts  of  the  frog  should  then  be  assembled 
and  the  holes  reamed  in  order  to  be  straight  and  of  such  size  as  to 
give  the  bolts  a  driving  fit.  Bottom  plates  should  be  made  of  rolled 
steel.     Plan  of  proposed  spring  frog  is  submitted. 

Guard  Rail: — The  guard  rail  as  shown  on  drawing  is  iS  ft.  long, 
flangeway  l,%  in.  where  the  track  is  maintained  to  standard  gage.  If 
the  turnouts  are  located  upon  the  curve,  it  is  recommended  that  the 
flangeway  be  widened  to  maintain  a  distance  of  4  ft.  6%  in.  from  the 
gage  of  the  frog  to  the  gage  of  the  guard  rail.  In  making  the  flange- 
way i7/s  in.  for  the  standard  gage,  the  Committee  has  used  the  distance 
of  4  ft.  SJ/^  in.  from  back  to  back  of  flange  tires,  which  distance  was 
recommended  by  the  American  Railway  Master  Mechanics'  Association 
in  1900. 
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TILING   OF  WET   CUTS    AND   CURING   OF    SLIDES. 

Since  the  last  report  was  presented  to  the  Association  the  following 
papers  have  been  published  upon  tiling  of  wet  cuts  and  curing  of  slides : 

"Drainage  of  Soft  Spots  in  Old  Roadbed,"  by  Wni.  M.  Dawley; 
"Clay  Slide  at  Boone  Viaduct,"  and  discussion  upon  same  (reprinted 
from  Journal  of  Western  Society  of  Engineers)  ;  "Discussion  on  Earth 
Slides,"  by  H.  Rohwer   (Bulletins  87,  88  and  90). 

WIDENING  OF  GAGE  UPON  CURVES. 

The  sub-committee  of  the  American  Railway  Master  Mechanics' 
Association,  composed  of  Messrs.  F.  M.  Whyte,  F.  C.  Clever  and 
W.  H.  Lewis,  have  held  two  conferences  with  your  sub-committee, 
composed  of  Messrs.  L.  S.  Rose,  Garrett  Davis  and  C.  E.  Knicker- 
bocker. 

The  diagrams  and  formulas  presented  herewith  for  the  widening 
of  the  gage  were  prepared  for  the  standard  spacing  of  wheels  of  con- 
solidated engines.  The  tables  are  for  consolidated  engines  having  18 
ft.  wheel  base,  consolidated  engines  having  19  ft.  wheel  base  and  decapod 
engines  having  wheel  base  19H  ft.  In  making  the  calculations  the  dis- 
tances from  back  to  back  of  tires  for  forward  and  rear  drivers  is 
assumed  to  be  53^  in.,  and  for  middle  drivers  54^4  '"•  The  clearance 
between  the  hubs  of  the  wheels  and  the  driving  bo.xes  is  taken  as  yi-in. 
The  sub-committee  voted  to  recommend  to  the  American  Railway  Mas- 
ter Mechanics'  Association  that  the  present  clearance  between  wheels 
and  driving  boxes  for  new  and  repaired  work  be  increased  from  %  in. 
lo  %  in. 

CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  con- 
clusions as   representing  good   practice : 

(1)  That  the  elements  of  the  split  switch  turnout  from  a  tangent 
be  computed  according  to  the  formulas  given  and  as  indicated  by 
Table  No.  i. 

(2)  The  adoption  of  the  reinforced  split  switch  as  shown  on 
diagram,  Fig.  2. 

(3)  The  adoption  of  the  frog  and  specifications  for  same,  outlined 
in  the  body  of  the  report. 

(4)  The  adoption  of  the  guard  rail  and  throat  clearance,  as  shown 
on  diagram,  Fig.  2. 
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(5)  That  tie-plates  be  used  on  all  ties  throughout   the  leads. 

(6)  That  glazed  sewer  pipe  with  bell  ends  be  used  for  the  drain- 
age of  wet  cuts,  pipe  to  be  laid  without  cemented  joints,  and  to  be 
covered  with  hay  or  straw  and  cinders,  and  laid  below  frost  line  where 
possible.     French   or  pillar   drains  to  be   used    for   the   curing   of   slides. 

(7)  That  the  widening  of  gage  on  curves  be  calculated  according 
to  formula  on   diagram   A,  like  tables   B,   C  and    D,   as   shown. 

Respectfully   submitted, 

L.  S.  Rose,  Signal  Engineer,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railway,    Cincinnati,    O.,    Chairman. 

T.    H.    HiCKEY,    Roadmaster,    Michigan    Central    Railroad,    St.    Thomas, 
Ont.,  Vice-CJiairman. 

Wm.   Ashton,   Chief  Engineer,  Oregon    Short   Line,   Salt   Lake,  Utah. 

R.  K.  Brown,  Engineer  Maintenance  of  Way,  San   Pedro,  Los   Angeles 
&  Salt  Lake  Ry.,   Salt  Lake,   Utah. 

G.    C.    Cleveland,    Assistant    Chief   Engineer,   Lake    Shore    &    Michigan 
Southern   R3^,    Cleveland,   O. 

A.  L.  Davis,  Eng.  Dept.,  Illinois  Central  Railroad,  Chicago,  111. 

Garrett   Davis,    Superintendent,    Chicago,    Rock    Island    &    Pacific    Rail- 
way,  Cedar  Rapids,   Iowa. 

R.  L.  Huntley,   Chief  Engineer,  Union  Pacific  Railroad,  Omaha,   Neb. 

W.  S.  KiNNEAR,  Assistant  General  Manager,  Michigan  Central  Railroad, 
Detroit,  Mich. 

C.   E.  Knickerbocker,  Engineer  Maintenance  of  Way,   New   York,   On- 
tario &  Western  Railroad,  Middletown,  N.  Y. 

R.    K.    Rochester,    Principal    Assistant    Engineer,    Vandalia    Line,     St. 
Louis,  Mo. 

F.  A.  Smith,  Civil  Engineer,  Chicago,  III. 

Earl  Stimson,  Chief  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 
Southwestern  Ry.,  Cincinnati,   O. 

R.  a.  Van  Houten,  Division  Engineer,  Erie  Railroad,  Susquehanna,  Pa. 

A.  A.  WiRTH,  Engineer  Maintenance  of  Way,  Pennsylvania  Lines,  Pitts- 
burg, Pa. 
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D=D£(jfT£e  or  CO/ti^£ 
R' RAD/US  OFCUffi/ie 
aC^ff-ffcos/^D-  RCz-cos^o) 

BC-R0-cos^Dj-l]-cos£.^P2) 

W/tfW  P  '20  •     R=  237:3^  ' 

^O- /''-4a'     i-cos,^='.oooa9 

^D=o''.3S'       /-COSy^D=  .OOOOS 
BC  -  237:94.  'X  .  000.4^ 
=./Z7'=  /^" 

The.  M/7XIMUM  degree  or  curve:  wrrn  stand/qrd  gu^ge 

WHICH  WILL   T/7KC  THIS  WHCEL  OaSE  HAS  nN    ORBUNnTE  'hC 
EPUAL    TO   4-8^  - ■4'-Sg   "=  ^  ' WHICH  EQUALS   VALUE   Or"BC" /N 
PRECEDING  rORMULA  EOR  X7  S' CURVE .  BY  TAKING  /ATTO  /%7- 
COUNT   THE  ;f'pLAy^  IN  JOURNAL  BOXES,  I.E.  THROIV/NG   THE 
END  T/?UCKS   TO  THEIR  EXTf?EME  POS/T/ON  TOtVARD  THE  CEN- 
TER or  THE  CUR\/E  AM?   THET  INTERMEDIATE   TRUCKS    TO 
THEIR  EXTREME    OPROS/TE  POSIT/ON,  THE  ORDINATE  "BC" 
tNCREASES   TO^  "tVHICH  Efii/ALS  "BC" EOR  A  12* CURVE. 

If  THE  GAUGE  Ol/ER  RUNS  ~  "aND  TAKING  /AITO  /ACCOUNT 
TME^  "PLAV^,  THE  ORDINATE  "BC"  INCR'EA&ES  TO  /^  "yi//y/CH 
EQUALS  "SC^'rOP  A  /^"CC/Pl^E  . 
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Fig.  7. 


FIG.  p. 

DERAIL     PIPE-CONNECTED    TO     SWITCHSTAND. 
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Fig,  9. — Der-\il   Pipe-Conn 


FIG.   10. 
PROPOSED  STANDARD  SPRING  FROG. 
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Fig,    10 — Proposed  Standard   Spring   Frog 
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Apfendix  to  Report  on  Track. 


DISCUSSION    ON    EARTH    SLIDES. 

By   H.   RoHWERj   Consulting   Engineer;     Late    Chief   Engineer,    Missouri 

Pacific  Railway. 

The  writer  has  followed  v/ith  much  interest  the  discussion  on  earth 
slides  and  the  methods  employed  in  Europe  and  here  to  prevent  them, 
as  given  in  Bulletins  87  and  88. 

We  know  that  slides  are  formed  when  masses  become  disconnected, 
and  hang  on  a  slope  steeper  than  the  plane  of  friction  due  to  the  charac- 
ter of  the  material  and  its  ability  to  resistance.  Water  being  one  of  the 
most  influential  elements  in  reducing  this  resistance  to  a  minimum,  it  is 
well  to  provide  for  proper  drainage  before  slides  set  in.  The  golden 
rule  is  to  "keep  the  water  away  from  the  roadbed."  It  is  a  well-known 
fact  that  the  study  of  geology  is  frequently  overlooked  by  the  engineer 
having  charge  of  location,  and  he  gives  but  little  attention  to  the  possi- 
biTity  of  encountering  slides  caused  by  either  the  grade  or  location  of 
line.  If  drainage  is  of  so  much  importance,  and  we  know  that  it  is,  why 
not  place  the  line,  circumstances  permitting,  where  drainage  can  be 
rendered  most  effective,  allow  sun  and  wind  to  act  upon  the  roadbed, 
and  pay  close  attention  to  the  manner  of  constructing  it?  And  here  the 
writer  desires  to  emphasize  as  important  the  selection  of  the  material  to 
be  employed  in  making  fills. 

When  delegated  to  investigate  the  cause  of  slides  in  an  embankment 
of  one  of  the  main  trunk  lines  in  the  Middle  West,  constructed  about 
the  year  1S61,  the  writer  found  the  slopes  considerably  deranged.  The 
embankment,  about  a  quarter  of  a  mile  in  length  and  over  22  ft.  high 
in  the  middle,  was  continually  settling,  and  notwithstanding  the  atten- 
tion given  it  by  the  operating  department,  this  evil  continued  to  exist. 
Trackmen,  Avhen  called  upon  to  remedy  similar  breaks,  usually  apply 
stone,  which  on  account  of  the  greater  weight,  increase  rather  than 
diminish  the  evil  and  the  cause  of  the  slide  is  thereby  not  removed. 
The  method  employed  not  being  effective,  piles  were  driven  and  a  bridge 
constructed  along  and  over  the  fill  for  such  distance  as  was  deemed 
necessary.  As  the  piles  did  not  rest  in  original  ground,  they  swayed  to 
and  fro,  and  the  maintenance  of  the  line  and  grade  became  a  matter  of 
great  annoyance  and  cost.  About  the  time  this  pile  bridge  required 
renewal,  the  writer  was  asked  to  make  an  investigation  of  the  trouble 
and  to  recommend  what  should  be  done  to  improve  the  safety  of  the  road, 
and,  if  possible,  prevent  the  slides  and  dispense  with  the  trestle. 
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In  digging  a  trench  on  each  side  of  the  track  along  the  foot  of  the 
slope  and  parallel  with  the  track,  considerable  seepage  from  the  bank 
poured  forth,  leading  to  the  belief  that  the  water  was  retained  in  the 
bank  by  some  cause  or  other,  and  was  seeking  an  outlet.  The  writer 
then  had  intercepting  drains  constructed,  extending  towards  the  center  of 
the  embankment  at  intervals  of  25  to  50  ft.,  according  to  the  amount  of 
water  apparently  confined  in  the  embankment.  The  drains  were  then 
filled  with  stone — the  heavier  at  bottom  and  the  lighter  on  top — covered 
with  cinders.  This  method  accomplished  the  object  of  draining  the  em- 
bankment and  rendered  it  stable  so  that  the  trestle  could  be  removed, 
and  no  further  difficulty  at  that  point  has  been  experienced. 

In  prosecuting  this  work,  the  drills  were  extended  into  the  center 
of  the  embankment,  and  it  was  discovered  that  a  number  of  partly 
decayed  logs  were  embedded  therein.  Upon  inquiry  it  was  ascertained 
that  the  contractor  at  the  time  of  construction  had  logs  hauled  in  at 
night,  and  one  of  the  farmers,  residing  in  the  vicinity,  informed  the 
writer  that  he  had  been  one  of  those  employed  to  perform  that  \york. 
The  earth  on  the  outside  covering  up  this  deception,  the  water  was  re- 
tained in  the  inside  of  the  embankment,  softening  the  material  dropping 
into  it,  and  with  the  heavier  material  on  top,  was  forced  to  the  sides, 
and  thus  creating  slips  or  slides.  In  the  case  above  cited,  the  slide  sounded 
a  timely  warning,  so  that  the  proper  remedy  could  be  employed.  How- 
ever, crevices  formed  under  the  roadbed  are  much  more  dangerous,  the 
latter  producing  slides  without  giving  notice.  This  often  being  the  case 
where  the  roadbed  rests  on  the  debris  hanging  on  the  side  of  bluffs, 
especially  when  bordering  on  a  treacherous  stream  like  the  Missouri  River. 

Water  coming  down  ravines  can  be  readily  conducted  across  the 
roadbed  by  bridges  or  culverts,  but  in  such  cases  care  must  be  exercised 
as  to  outlet.  However,  water  falling  on  the  sidehill  between  ravines  or 
creeks  and  dropping  from  bluffs  into  the  debris  where  it  cannot  readily 
be  intercepted,  will  enter  the  roadbed,  penetrate  the  underlying  loose 
strata  and  find  its  way  over  and  along  the  harder  strata,  thus  creating 
the  earth  slides  to  which  reference  has  been  made. 

This  water  keeps  the  ground  under  the  track  in  a  constant  moist 
state,  a  menace  to  the  safe  operation  of  the  road.  Oftentimes  it  will 
form  crevices,  and  when  once  formed  they  will  increase  and  may  reach 
to  the  very  surface,  only  to  be  discovered  after  a  Avreck  has  occurred, 
and  are  then  usually  termed  "a  washout."  Again,  the  water  may 
soften  the  material  until  it  becomes  slushy  and  will  produce  a  slip  at 
the  foot  of  the  lower  slope.  Borings  made  by  the  writer  over  a  distance 
of  seven  miles  on  parts  of  tracks  so  situated  developed  the  fact  that 
the  roadbed  developing  such  defects  was  invariably  located  directly 
against  a  bluff  or  perhaps  resting  on  material  underlaid  by  slanting  rock, 
which  rock  forming  a  part  of  the  bluff,  had  been  eroded  by  the  action  of 
the  water,  either  river  or  surface,  or  both  combined. 

If  the  water  is  collected  at  frequent  intervals  and  conducted  across 
the  track  either  by  means  of  small  boxes  (if  pipe  cannot  be  utilized)  or 
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conveyed  in  open  ditches  plastered  with  cement  or  rammed  with  small 
stone  so  as  to  prevent  the  water  from  penetrating  into  the  roadway,  the 
danger  referred  to  can  be  greatly  diminished. 

Drainage  is  the  most  essential  factor  in  creating  and  maintaining 
a  good  roadbed ;  and  none  is  more  neglected.  After  we  have  discovered 
the  effect  and  are  forced  to  face  the  consequences  of  a  badly-drained 
roadway,  we  form  conclusions,  only  to  abandon  them  again  as  soon  as 
dry  weather  sets  in,  for  the  temptation  to  make  a  good  financial  show- 
ing is  often  too  strong  to  be  overcome;  we  will  not  carry  an  umbrella 
while  the  sun  shines  nor  prepare  for  war  while  living  in  peace,  but 
rather  charge  it  up  to  accidents  or  to  an  "act  of  nature,"  unavoidable  and 
unforeseen,  place  it  under  that  headi*)g  and  foot  the  bill,  taking  credit  for 
(false)   economy. 

With  relation  to  slides  occurring  in  cuts  during  construction  and 
later,  the  treatise  given  by  Mr.  E.   E.   R.  Tratman  in  Bulletin  88  is  so 


elaborate  and  circumstantial  that  little  can  be  added.  Oftentimes  slides 
of  this  nature  are  caused  by  surface  ditches,  giving  the  water  an  oppor- 
tunity to  enter  the  ground  instead  of  draining  it  off  to  the  sides.  After 
the  water  once  enters  the  slopes,  it  is  very  difficult  to  drain  them,  and 
every  rain  will  have  a  tendency  to  increase  the  difficulty. 

The  west  entrance  to  the  Oregon  Short  Line  Tunnel  in  Idabo, 
where  the  sides  broke  off  vertically  and  heaved  the  track  at  times  to 
such  an  extent  as  to  seriously  interrupt  and  delay  the  handling  of  mate- 
rial from  the  tunnel,  the  writer  applied  with  good  results  ordinary  hori- 
zontal bracing,  in  the  manner  shown  in  Figs,  i  and  2. 

The  most  remarkable  slide  coming  to  the  notice  of  the  writer  was 
encountered  on  the  White  River  Railway,  at  the  entrance  of  a  long 
tunnel  (Tunnel  No.  3,  at  Omaha  Drive,  Arkansas),  its  magnitude  pre- 
cluding all  thought  of  removing  it.  The  disturbance  first  manifested 
itself   at   what    might    be   termed    a    sidehill    cut    (see    photograph).      In 
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removing  the  footing,  tlie  mass  of  clay  seemed  to  lose  its  hold  on  the 
rock  whereon  it  rested,  and  began  breaking  off,  first  showing  cracks 
insignificant  in  size  and  their  location  being  confined  to  the  right-of-way, 
but  later  reaching  far  out  into  the  adjoining  hills,  bringing  down  trees  and 
forming  breaks  in  the  surface  15  to  25  ft.  in  height  and  perpendicular  in 
appearance. 

The  Omaha  Tunnel  (2,650  ft.  in  length)  penetrates  a  sag  in  the 
Ozark  Mountains,  consisting  of  a  so-called  boulder  formation,  lime  and 
rock  being  found  intermixed  with  clay,  a  hydrated  silica  of  alumina  of 
brownish  color,  due  to  the  presence  of  iron  oxide.  This  clay  is  very 
plastic,  especially  so  in  the  approaches  where  action  of  water  is  not 
constant  as  in  a  tunnel.  Here  the  layer  of  clay  was  from  5  to  100  ft. 
thick,  underlaid  with  strata  of  solid  rock  of  smooth  surface  and  slanting, 
at  an  angle  of  from  5  to  10  degrees  toward  the  creek  along  which  the 
line  had  been  located,  then  in  course  of  construction. 

The  grade  of  the  roadbed  entered  the  rock  20  ft.  below  the  sur- 
face ;  in  other  words,  the  approach  to  the  tunnel  has  a  20-ft.  rock  cut 
with  clay  in  the  slope  overlying  the  same. 
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As  soon  as  cracks  appeared  on  the  surface,  extra  precautions  were 
taken  against  surface  water.  The  surface  ditches  were  given  steeper 
grades,  and,  where  possible,  bottoms  were  cemented  so  that  the  water 
could  drain  off  more  quickly,  thus  reducing  chances  of  penetration  to  a 
minimum. 

In  spite  of  this  the  ground  continued  to  break  and  started  to  move 
toward  the  open  cut,  at  first  dropping  into  it  little  at  a  time,  grad- 
ually increasing  until  after  a  rather  heavy  rain  the  entire  cut  filled  up 
with  this  stuff,  involving*  an  expenditure  of  one  dollar  per  cubic  yard  for 
its  removal.  Though  the  moving  masses  had  adopted  a  slope  of  nearly 
two  horizontal  to  one  vertical,  the  breaks  continued,  stretching  for  more 
than  150  ft.  into  the  hill  above  the  grade  of  the  roadbed,  and  over  500  ft 
distant  from  same. 

To  prevent  similar  occurrences  during  the  time  of  operation,  involv- 
ing delay  and  expense,  the  writer  had  the  rock  cut  arched  over  for  a  dis- 


402 


TRACK. 


tance  of  600  ft.  from  the  portal  of  the  tunnel.  But  an  arch,  framed  of 
timber  in  order  to  furnish  clearance,  without  protection  against  "side 
pressure,"  cannot  be  relied  upon  as  a  permanent  safeguard  against  slides. 
To  make  it  serve,  however,  should  the  mass  continue  to  move,  the  clay 
bank  was  removed  for  a  distance  of  12  ft.  from  the  edge  of  the  rock 
cut  (see  Fig.  3,  a-a)  and  holes  were  drilled  into  the  rock  8  to  10  ft.  in 
depth,  and  from  10  to  15  ft.  apart  in  a  row  along  the  foot  of  the  new 
bank,  shots  being  placed  therein  and  fired  simultaneously  by  means  of  an 
electric  battery.  The  rock  was  broken  but  not  scattered,  a  trenchlike 
crack  appearing  at  the  surface.  The  writer  then  had  logs  cut  from  the 
timber,  of  which  an  abundance  was  found  in  the  immediate  neighbor- 
hood, and  these  logs  were  placed  alongside  each  other  with  the  butt 
end  in  the  rock  crevices,  the  other  end  overhanging  the  timber  arch,  and 
resting  upon  its  top   (see  Fig.  4). 


The  material  under  the  logs  and  between  the  logs  and  the  arch  was 
tamped,  thus  forming  a  solid  flooring  over  which  the  material  could 
slide,  as  was  contemplated,  distributing  it  over  the  entire  arch  and 
serving  as  a  weight  instead  of  a  thrust. 

The  further  object  of  cracking  the  rock  was  to  permit  the  vvater 
coming  through  the  clay  to  escape,  thus  leaving  the  footing  dry  and  in 
better  position  to  act  as  a  support.  The  plan  worked  very  satisfactorily. 
The  first  rain  produced  another  slide,  the  logs  carrying  the  material 
over  the  arch.  With  the  drain  in  the  rock  at  a  distance  of  12  ft.  from 
the  edge  of  the  cut  and  over  30  ft.  from  the  foot  of  the  new  slope,  a 
good  foothold  had  been  created  which  served  the  purpose,  for  no  further 
movement  of  the  overhanging  masses  (estimated  by  the  engineer  in 
charge  as  reaching  the  enormous  quantity  of  130,000  cubic  yards)  has 
taken  place  since  that  time  (1904),  now  three  years  ago.  The  few  sticks 
of  timber  in  the  arch  which  had  moved,  were  displaced  not  more  than  an 
inch. 
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This  experience  led  the  writer  to  the  conchision  that  many  similar 
slides  formed  by  masses  moving  along  a  rock  surface  might  be  checked 
by  boring  holes  down  to  rock,  lowering  dynamite  and  breaking  the  sur- 
face by  means  of  blasts    (see  Fig.  5),  and  actual  practice  has  confirmed 
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this  view.  The  writer  presents  this  plan  in  connection  with  the  discus- 
sion of  slides,  since  cases  of  this  kind  occur  quite  frequently,  although  not 
on  so  extensive  a  scale  as  the  slide  at  Portland,  Oregon ;  and  even  such 
slides,  he  is  inclined  to  think,  can  be  checked  by  the  simple  method  above 
described. 
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DISCUSSION. 

Vice-President  Berg: — The  first  business  in  order  is  the  report  of 
the  Committee  on  Track,  Mr.  L.  S.  Rose,  chairman.  The  Committee 
will  take  its  place  on  the  platform. 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — The 
Committee  will  have  some  remarks  to  make  upon  the  table  on  widening 
the  gage  of  track  on  curves  when  we  reach  that  subject.  There  are 
some  mistakes  in  the  table  we  wish  to  correct. 

The  Secretary: — (i)  That  the  elements  of  the  split  switch  turnout 
from  a  tangent  be  computed  according  to  the  formulas  given  and  as 
indicated  by  table   No.    i. 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — I  would  like  to  say 
in  relation  to  this  conclusion  that  the  Committee  has  given  us  some 
very  good  formulas  with  which  to  compute  the  figures  that  they  have 
given  us,  but  unfortunately  they  have  made  a  number  of  errors  in  the 
table.  I  therefore  think  that  the  table  No.  i,  etc.,  should  not  be  adopted, 
but  we  are  perhaps  handicapped  to  some  extent  by  the  fact  that  the 
members  do  not  agree  altogether  on  the  angles.  We  have  two  separate 
ideas;  one  is  that  the  ratio  or  number  of  a  frog  should  be  deduced 
from  the  tangents  rather  than  from  the  sines.  One  party  claims  that 
the  ratio  of  the  frog  is  the  ratio  of  twice  the  sine  of  half  the  angle  to 
the  radius.  Others  say  that  it  shall  be  twice  the  tangent  of  half  the 
angle  to  the  radius.  In  the  latter  class  are  Tratman  and  others.  In 
the  first  named  class,  or  those  who  use  twice  the  sine  of  half  the  angle 
are  the  Wharton  Switch  Company,  the  Ramapo  Iron  Works  and  others, 
and  the  International  Railway  Congress.  In  Vol.  i-|.  Bulletin  7,  of  the 
International  Railway  Congress,  July,  igoo,  we  read  on  the  subject  of 
frog  angles : 

"By  a  I  in  8  crossing,  most  companies  mean  a  crossing  whose  legs 
form  the  two  equal  sides  of  an  isosceles  triangle  whose  sides  are  eight 
times  the  length  of  the  base,  and  it  appears  that  this  is  the  simplest 
method  of  description." 

Now,  these  are  the  authorities  and  this  is  the  trouble  we  are  in. 
The  Committee  has  an  angle  of  7  degrees  9  minutes,  with  a  No.  8  frog. 
The  other  authorities  give  an  angle  of  7  degrees  and  10  minutes.  Now, 
the  angle  of  the  switch  and  the  angle  of  the  frog  are  what  determine 
the  length  of  the  lead.  We  should  therefore  give  the  Committee  a 
basis  to  work  on  and  decide  which  one  of  these  we  will  take — whether 
we  will  take  the  position  that  the  International  Railway  Congress  is 
right,   or  that  Mr.   Tratman   is   right.     To   bring   the   matter   before    the 
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house  I  will  make  a  motion  that  the  angle  of  a  frog  or  the  ratio  of 
a  frog  is  to  be  determined  by  twice  the  sine  of  half  the  angle  divided 
into  the  radius. 

(Seconded  by   Mr.   McDonald.) 

Mr.  F.  A.  Smith : — I  do  not  think  that  Mr.  Stevens  is  right  ii; 
defining  the  angle  of  a  frog.  It  is  the  general  custom  throughout  the 
United  States,  I  believe,  that  the  number  of  the  frog  is  taken  as  the 
length  compared  to  the  breadth.  In  other  words,  if  we  take  an  isos- 
celes triangle  in  which  the  spread  equals  unity,  then  the  normal  dis- 
tance from  this  spread  to  the  theoretical  point  is  the  frog  number.  I 
have  seen  the  rule  used,  I  should  say,  in  at  least  200  or  300  shops 
where  they  mak6  frogs.  Another  way  in  which  these  angles  are 
obtained  in  a  practical  way  is  by  measuring  and  drawing  Li  line  across 
the  frog  point  where  the  spread  is  one  inch,  and  again  drawing  a  line 
across  where  it  is  2  in.,  and  then  measuring  the  vertical  distance 
between  these  two  parallel  lines,  then  that  distance  expressed  in 
inches  will  give  the  frog  number.  Now,  in  taking  that  stand,  then 
the  co-tangent  of  half  the  frog  angle  is  equal  to  twice  the  number 
of  the  frog.  In  practice  the  two  calculations  will  give  practically  the 
same  results ;  so  in  the  case  of  a  No.  8  frog  the  difference  between 
the  sine  basis  and  the  co-tangent  basis  is  only  one  minute.  By  using 
the  sines  we  get  an  angle  of  7  degrees  10  minutes,  and  by  using  the  co- 
tangent it  gives  an  angle  of  7  degrees  9  minutes.  There  is  still  a 
further  advantage  in  using  the  co-tangent  definition,  for  the  reason 
that  the  frog  number  as  outlined  here  gives  us  an  exact  function  of 
that  angle.  We  lose  it  by  adopting  the  sine  method.  If  we  use  the 
sine  as  a  basis  for  the  angle,  the  number  does  not  mean  anything  to 
us,  except  we  have  to  compute  it,  but  if  we  use  the  co-tangent  then 
the  number  of  the  frog  is  an  actual  trigonometrical  function,  which 
can  be  used  as  such,  and  for  that  reason  I  should  certainly  stand  for 
using  the  tangent  or  co-tangent   for  the  defining  of  the   frog   angle. 

Mr.  Rose : — I  remember  when  I  first  stai  ted  to  figure  on  frogs,  I 
used  a  little  book  written  by  Mr.  Parsons,  in  which  the  number  of  the 
frog  was  taken  the  same  as  this  Committee-  has  used  it;  in  the  book 
were  a  number  of  very  handy  formulas  worked  out  by  using  the  number 
of  the  frog  which  we  could  not  do  if  the  sine  is  used  to  find  the 
number.  I  also  think,  from  the  trackman's  point  of  view,  that  our  plan 
is  the  better  one — the  trackman  would  not  be  able  to  use  a  match  to 
measure  the  number  of  his  frog  very  handily  under  this  new  arrange- 
ment. 

Mr.  Stevens : — I  think  the  position  taken  by  Mr.  Rose  can  hardly 
be  borne  out  in  practice.  I  have  never  seen  a  trackman  measure  alon.^ 
the  center  line  or  bisecting  line  of  a  frog  angle  to  get  ils  number,  but 
I  have  seen  a  great  number  of  them  measure  along  the  side.  In  that 
way  he  would  be  using  the  sine  method.  Whether  we  use  the  sine,  or 
whether  we  use  the  tangent,  is  not  the  point.    The  vital   point  in  this 
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thing  is  that  we  do  the  work  on  one  basis.  It  is  a  very  small  matter 
whethei-  the  angle  is  7  degrees  and  9  minutes  or  7  degrees  and  10  min- 
utes, but  it  is  an  important  matter  if  one  is  ^working  on  one  basis 
and  another  on  another  basis,  and  we  should  agree  on  what  basis  this 
Association  will  compute  the   frog  angle,  or  what  the  frog  angle   is. 

Mr.  W.  J.  Bergen  (New  York,  Chicago  &  St.  Louis)  : — I  would 
suggest  this  further  fact  in  connection  with  the  sine  formula.  That 
is,  that  all  the  field  books  with  which  I  am  familiar  are  based  on  the 
tangent  or  co-tangent  formula.  If. the  sine  formula  were  adopted,  engi- 
neers not  having  available  the  Proceedings  of  this  Association,  would 
not  have  the  proper  angles  to  work  with.  I  think  that  might  be  a 
very  serious  objection   to  the   change. 

(The  Vice-President  put  the  question  on  Mr.  Stevens'  motion  that 
the  frog  angle  should  be  determined  by  twice  the  sine  of  half  the  angle 
divided  into  the  radius,  and  the  motion  was   lost.) 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  would  like  to  make 
a  remark  on  the  first  conclusion  before  it  is  passed.  I  notice  that  in 
the  table  in  calculating  the  frog  leads  the  Committee  has  used  as  many 
as  seven  different  lengths  of  switch  rail.  I  am  opposed  to  any  such 
number  of  different  lengths.  I  w'ould  not  recommend  anything  that 
required  each  division  to  carry  seven  different  kinds  of  switches.  It  is 
a  wrong  basis  to  start  on.  The  length  of  the  switch  should  be  confined 
to  as  few  a  number  of  lengths  as  possible,  as  it  helps  to  keep  down 
the  amount  of  supplies  on  hand,  and  makes  the  whole  operation  of 
track  work  much  more  simple  and  easy.  In  table  No.  i  the  length 
of  switch  point  affects  the  accuracy  of  all  the  calculated  switch  leads, 
and  I  do  not  think  we  should  consider  so  many  different  lengths.  I 
therefore  move  that  conclusion  No.  i  be  referred  back  to  the  Committee. 

Mr.  Rose : — I  call  Mr.  Cushing's  attention  to  the  fact  that  every 
lead  above  No.  12  frog  is  special.  If  he  puts  in  a  24-ft.  frog,  will 
he  use  a  is-ft.  switch  point? 

Mr.  Cushing: — I  would  not  use  it  in  anv  case.  I  do  not  want  it. 
We  use  30-ft.  rails  for  anything  above  15  ft.,  and  i8-ft.  points  for 
anything  from   15   ft.   down. 

Mr.  Rose: — I  hope  Mr.  Cushing's  motion  will  not  prevail,  for  two 
reasons ;  one  is  that  it  is  a  negative  motion.  There  may  be  a  good 
many  members  who  have  something  to  say  on  this  question,  if  it  were 
a  positive  motion,  and  we  would  not  get  the  benefit  of  their  discussion 
on  a  motion  to  refer  the  conclusion  back  to  the  Committee.  They  would 
conclude  that  the  Committee  would  have  to  rehash  the  matter  anyway. 
The  second  reason  I  have  for  not  agreeing  with  the  motion  is  the 
fact  that  we  sent  out  circulars  to  the  members  of  the  Association,  and 
we  have  here  a  tabulated  statement  of  the  lengths  of  switch  rails  that 
different  engineers  thought  were  best  for  different  lengths  of  frog. 
The  table  is  gotten  up  for  the  whole  Association,  and  anybody  can 
use   that   portion   of  it   which   fits   his   case.     It   was   very   hard    for    the 
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Committee  to  decide  on  two  lengths  of  switch  rails,  and  anyone  exam- 
ining this  table  can  see  ■  what  the  Committee  is  up  against,  and  if  the 
conclusion  is  referred  back  to  the  Committee,  I  do  not  think  we  would 
be  any  nearer  a  solution  next  year  than  we  are  now 

Mr.  F.  A.  Smith: — With  reference  to  Mr.  Cushing's  remarks  that 
there  are  too  many  different  lengths  of  switch  rails  in  this  table,  I 
would  call  his  attention  to  the  fact  that  there  are  but  two  lengths 
shown  for  a  No.  4  and  up  to  No.  12  frog,  namely,  lo's  and  15's.  Now, 
there  is  no  doubt  where  a  No.  4  frog  is  used  an  18-ft.  switch  point 
would  be  entirely  too  long. 

Mr.   Cushing : — We  do  not  use   No.  4  except  in  rare  cases. 

Mr.  F.  A.  Smith : — But  there  are  a  great  many  roads  represented 
here  that  use  No.  4  frogs,  and  have  to  use  them.  Considering  that 
there  are  only  two  lengths  of  switch  rails,  from  a  No.  4  to  a  No.  12, 
I  think  the  table  goes   a   good   way   to   simplify   such  material. 

Mr.  Cushing  :^ — We  all  know,  in  sending  out  a  circular  and  asking 
for  replies,  we  get  the  individual  opinions  of  those  who  answer  the 
circular,  and  they  are  not  at  hand  to  discuss  ihe  matter  when  the  replies 
are  all  in.  If  all  these  people  were  brought  together  to  discuss  the 
replies  in  cases  where  the  differences  are  only  one  foot  or  two  feet 
or  three  feet,  there  is  no  doubt  they  could  be  very  soon  brought  to  a 
common  understanding.  The  mere  fact  that  this  tabulation  has  been 
received  is  no  conclusive  proof  that  everybody  wants  these  seven  lengths. 
I  am  sure  that  I  could  agree  within  one  or  two  feet  with  anybody  else, 
and  if  the  matter  came  up  for  discussion  I  would  not  for  a  moment 
consider  that  a  foot  or  two  made   any  difference. 

Mr.  Stevens : — The  Committee  in  their  computations  used  the  length 
of  the  switch  divided  into  the  spread  to  get  their  switch  angle.  Now, 
the  switch  point  rails  are  at  least  y^-in.  thick  at  the  point,  after  the 
first  cut,  the  finishing  cut  is  short  and  tapers  the  point  down.  There- 
fore, every  computation  of  the  angle  is  in  excess.  The  angle  for  their 
iS-ft.  switch  is  one  degree  and  55  minutes.  As  a  matter  of  fact,  it  is, 
I  judge  from  their  method,  actually  only  one  degree  and  50  minutes. 
But  the  Committee  makes  a  statement  that  a  switch  11  ft.  long  can  be 
used  in  place  of  one  10  ft.  long,  that  a  switch  16.5  ft.  long  can  be  used 
in  place  of  one  15  ft.  long,  etc.,  and  as  no  mention  is  made  of  any 
corresponding  changes  in  the  length  of  the  lead  and  turnout  rails,  radius 
of  curve,  and  middle  and  side  ordinates,  the  inference  is  fair  that  no 
such  changes  are  contemplated.  In  the  case  of  the  lo-ft.  switch,  this 
change  would  reduce  the  switch  angle  by  16  minutes,  and  would  increase 
the  length  of  lead  by  i.i.     I  think  that  statement  should  be  modified. 

Mr.  F.  A.  Smith: — That  criticism  of  Mr.  Stevens,  of  course,  has 
some  substance  to  it,  theoretically,  but  the  main  idea  that  this  Com- 
mittee had  in  mind  was  to  provide  some  simple  formula  and  not  com- 
plicate it  any  more  than  was  necessary.  Now,  if  we  had  gone  to  work 
and  entered  all  tliesc  factors  which  Mr.  Stevens  mentions,  this  chamfer- 
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ing  of  the  switch  point  and  filing  of  the  point,  then  we  would  have  had 
a  very  elaborate  formula-  which  would  be  useless  for  practical  applica- 
tion. Furthermore,  if  wc  had  done  that,  we  would  have  had  to  assume 
a  certain  thickness  at  the  point.  Mr.  Stevens  mentions  a  ^-in.,  and 
someone  else  would  probably  say  why  not  '}4  or  ^-in.,  and  then  we 
would  certainly  be  in  hot  water,  as  we  could  not  furnish  a  table  sat- 
isfactory to  everybody.  In  order  to  avoid  that,  we  simply  assumed 
the  switch  rail  to  come  to  a  point,  and  the  difference  in  length,  due  to 
this  discrepancy  in  the  angle,  is,  according  to  Mr.  Stevens'  own  fig- 
ures, only  4  in.  in  the  66-ft.  lead.  That,  I  think,  is  a  pretty  accurate 
result  and  a  little  better  than  the  work  on  the  ground  usually  proves  up. 

Mr.  Stevens : — I  am  quite  willing  to  agree  that  the  4  in.  or  6  in. 
is  not  a  very  serious  matter,  but  inasmuch  as  the  Committee  have 
computed  over  long  distances  to  the  one  one-hundredth  part  of  a  foot,  I 
think  that  the  error  is  very  considerable  on  that  basis. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — Do  I  under- 
stand the  motion  to  be  to  cut  this  table  out  of  the  report? 

Vice-President  Berg : — The  motion  is  to  refer  table  No.  i  back  to 
the  Committee   for  further   consideration. 

Mr.  Camp : — If  this  table  is  correctly  computed,  I  would  be  in 
favor  of  letting  it  stand.  Mr.  Cushing  said  that  he  has  experience  with 
l8  and  30-ft.  lengths.  We  all  know  that  the  15-ft.  length  is  a  conmion 
one  for  a  switch  point ;  so,  also,  is  20  and  24  and  30  ft.  That  leaves 
only  the  26  and  28-ft.  lengths  which  we  might  call  odd  lengths.  I  do 
not  think  it  would  be  a  wise  thing  to  reject  this  table,  merely  because 
there  are  two  lengths  of  switch  points  here  not  in  common  use. 
What  is  the  difference?  It  is  not  going  to  lead  anyone  astray  if  there 
are  some  superfluous  lengths  in  the  table.  If  that  is  the  only  objection 
against  the  table,    I   would  be   in   favor  of  letting  it   stand. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  want  to  agree  with 
M'r.  Stevens  in  this  matter.  So  far  as  the  table  is  concerned,  there  is 
absolutely  no  objection  to  the  table  standing,  if  it  is  correct,  so  far  as 
the  leads  arc  concerned,  no  matter  whether  there  are  two  or  three 
extra  lengths  of  switch  points  in   it. 

Mr.  Stevens  has  rightly  called  attention  to  some  errors  in  the  fact 
that  the  angle  of  the  switch  may  vary  as  much  as  12,  15  or  16  minutes. 
Now,  we  know  the  switch  angle  will  very  considerably  affect  the  length 
of  your  lead.  The  table  as  prepared  will  probably  be  used,  after  it  is 
finally  adopted,  by  a  great  many  railroads,  and  the  correct  angle  of 
the  switch  should  be  used.  We  all  know  that  it  is  impracticable  to 
plane  a  switch  point  to  a  hair  line  at  the  point.  They  are  always  made 
a  little  thicker  at  the  point,  and  the  standard  thickness  of  the  point, 
as  recommended  by  this  Committee,  will  fix  the  angle  of  the  switch. 
For  that  reason  I'  think  we  should  have  in  this  table  nothing  but 
absolutely  correct  switch  leads.  I  believe,  after  the  theoretical  table 
is   prepared,   that    it    would   be   wise    in   some   cases    to    vary   the    length 
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a  little  to  make  it  a  practicable  lead;  to  avoid  cutting  rails,  etc.  A 
practical  lead  conforming  very  closely  to  the  theoretical  one  can  be 
determined,    after    the    correct    theoretical    table    is    prepared. 

Mr.  Stevens : — To.  put  this  thing  in  shape  for  the  Committee,  so 
they  may  be  able  to  correct  their  table,  I  will  make  a  motion  that  the 
point  of  all  switches  covered  by  the  table  be  computed  on  the  basis 
of  ^/i-'it-.  in  thickness  at  the  point. 

Vice-President   Berg: — Mr.   Cushing's   motion   is   under   consideration. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — I  ask 
the    Committee   what  prompted   them   to   use   24,   26   and   28-ft.    lengths? 

Mr.  Rose : — That  was  a  compromise  on  the  Committee's  part,  to 
suit  the  answers  to  their  circular,  and  in  order  to  get  a  switch  point 
to  fit  the  practice  of  the  track. 

Mr.  Robert  Trimble  (Pennsylvania  Lines)  :^If  this  Association 
adopts  the  table  now  under  discussion,  I  assume  that  it  will  go  in  the 
Manual  of  Recommended  Practice.  I  would  not  like  to  see  this  table 
put  in  the  Manual.  It  gives  switch  lengtlis  of  24,  26,  28  and  30  ft., 
and  it  seems  to  me  that  this  is  an  undue  multiplication  of  lengths  for 
switches,  and  that  perhaps  two  lengths  is  all  that  is  needed  to  cover 
the  situation.  The  fixing  of  these  lengths  is  really  a  matter  of  getting 
down  to  practical  work  and  not  theory.  The  more  lengths  we  have,  the 
more  it  is  going' to  cost  us.  We  have  more  plans  to  make,  and  there 
is  more  difficulty  at  the  works.  Last  night  I  talked  with  a  frog  maker 
and  he  told  me  that  he  had  to  carry  about  50  different  patterns  of 
rails  because  of  the  little  idiosyncrasies  that  we  engineers  put  into  our 
rail  sections.  It  does  not  seem  to  me  that  is  very  good  practice  to  hav? 
so  many  different  patterns  with  slight  difference,  and  one  of  the  things 
we  are  here  for  is  to  get  together  and  unify  our  practice  so  as  not  to 
have  so  many  different  standards.  I  would  not  like  to  see  this  table 
with  all  these  unnecessary  lengths  go  out  as  the  recommendation  of 
this  Association. 

Mr.  Cushing: — ^I  did  not  make  this  motion  for  the  reason  that  this 
does  not  fit  my  own  present  practice.  My  understanding  of  the  work 
of  this  Association  is  that  it  is  organized  to  simplify  matters  and  to 
try  to  arrive  at  some  simple  standards  that  we  feel  we  can  ultimately 
come  to.  We  are  asked  every  once  in  a  while  what  portions  of  the 
work  of  this  Association  we  are  using  in  our  everyday  practice,  and 
when  I  see  such  tables  as  these  proposed,  it  makes  me  feel  we  are  not 
accomplishing  the  results  we  are  after.  I  am  perfectly  willing  to  recom- 
mend changes  in  our  own  practice  after  I  feel  that  this  Association 
has  worked  the  matter  down  to  where  it  ought  to  be  worked.  I  do 
not  think  they  have  done  so  by  any  means  in  this  table.  I  do  not 
happen  to  be  using  some  of  these  lengths,  some  I  am,  but.  I  am  quite 
sure,  from  my  studies  of  the  subject,  that  the  reconuncndations  can 
be  much  simplified.  So  far  as  the  15-ft.  length  is  concerned,  we  had 
that  as  a  standard   at  one   time,    and   found   a   good   many   of  our   men 
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against  it  for  good  and  sufficient  reasons ;  one  being  that  in  order  to 
make  a  practical  point  out  of  a  iS-ft.  length  it  is  necessary  to  shorten 
the  lead  considerably,  which  detracts  from  the  value  of  certain  frogs, 
among  them  perhaps  the  8,  lo,  etc.  If  an  attempt  is  make  to  keep  the 
lead  at  proper  length,  nearly  all  the  point  is  planed  off,  so  that  it 
becomes  unstable,   and   special   flat  splice   bars   are    required. 

All  these  matters  should  be  carefully  considered  by  the  Commit- 
tee, and  the  results  put  down  in  a  practicable  table,  after  which  I  would 
certainly   try   to   work   to   it   if   I    possibly   could. 

Mr.  F.  P.  Gutelius  (Canadian  Pacific)  : — The  table,  as  presented,  fits 
our  case  exactly.  We  allow  the  base  of  the  rail  of  the  switch  point  to 
extend  through  to  the  theoretical  point.  We  get  additional  strength 
by  doing  that.  That  is,  the  %-m.  end  we  hear  about  is  back  about  9 
or  10  in.  from  the  end  of  the  rail.  All  the  Committee  needs  to  do  is 
to  change  the  plan  of  switch  points  and  it  will  fit  the  table. 

Mr.  Stevens: — That  is  the  point  exactly,  but  this  plan  of  the  15-ft. 
switch  as  computed  in  the  table  as  a  15-ft.  length,  is  on  that  basis  15.65 
ft.  in  length  and  must  be  so  computed. 

Mr.  Lindsay: — I  think  it  would  be  a  mistake  to  refer  this  back 
to  the  Committee,  without  giving  them  the  benefit  of  an  expression 
of  opinion  as  to  whether  we  want  these  lengths,  or  whether"  we  want 
three  lengths.  I  therefore  move  that  the  Committee  confine  itself  to 
three  lengths. 

Mr.  Rose : — We  will  never  get  this  Association  to  get  together  on 
three  lengths  of  switch  points.     We  tried  it  last  year. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — I  think  this  report 
should  be  referred  back  to  the  Committee  for  another  reason.  The 
idea  is  there  are  a  number  of  standards,  and  when  the  Committee  sug- 
gests a  table  for  using  and  carrying  on  the  work,  it  seems  to  me 
that  the  Committee  will  fall  far  short  of  its  duty  if  it  does  not  recom- 
mend a  number  of  standards  or  turnouts  which  should  be  used.  They 
have  suggested  24  different  turnouts  to  be  used.  That  would  not  be 
good  practice.  The  idea  is  to  get  as  few  standards  as  possible,  and  it 
seems  to  me  that  this  Committee  as  a  body  of  experts  should  determine 
the  number  of  standards  which  are  necessary  and  therefore  keep  in  mind 
that  the  "Manual  of  Recommended  Practice  is  a  manual  which  contains 
the  principles  which  ought  to  be  followed  with  the  extension  of  the 
tracks  in  connection  with  the  new  work.  There  are  too  many  standards 
in  this  table,  and  I  am  in  favor  of  sending  it  back  for  that  reason  as 
well  as  for  the  other   reasons   which  have  already  been   stated. 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — I  know  we  have  used 
many  switch  points  of  the  longer  lengths.  I  think  it  makes  very  little 
difference  whether  you  use  a  28  or  30-ft.  point  with  No.  20  frog,  but 
it  may  make  some  difference  on  shorter  lengths.  It  seems  to  mc  that 
if  we  are  going  to  apply  this  table,  the  Committee  has  left  out  one  of 
the  most  practicable  lengths  in  use  to-day,  and  that  is  the   i8-ft.  point, 
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which  fits  the  No.  lo  frog  about  the  best  of  any  of  the  lengths.  For 
that  reason,  if  they  arc  going  to  amplify  this,  to  cover  everything,  they 
should  go  further  than  they  have,  but  I  do  not  think  that  is  necessary. 
I  think  they  can  reduce  the  number  down  to  not  exceeding  three  lengths 
of  switch  point  and  get  along  with  that,  and  answer  all  the  conditions 
which   may   arise. 

Mr.  S.  S.  Roberts  (Illinois  Central)  :— I  think  the  table  should  be 
referred  back  to  the  Committee,  for  a  number  of  reasons :  In  the  first 
place,  the  6-in.  throw  is  too  great.  The  principal  difficulty  that  I  have 
found  with  switches  is  at  the  heel  of  the  switch  point,  and  if  you 
consider  carefully  the  conditions  that  hold  at  this  point,  you  will  find 
it  is  the  most  vital  point  in  the  switch.  I  think  the  Committee  should 
consider  the  minimum  throw  that  will  give  safe  clearance,  rather  than 
to  accept  a  throw  as  great  as  6  in.  The  formulas  proposed  by  the 
Committee  are  by  no  means  the  simplest  that  may  be  developed,  and 
are  not  absolutely  theoretically  correct.  All  of  the  formulas  upon  which 
the  table  is  based  refer  to  the  outer  rail  and  not  to  the  center  line 
of  the  track,  and  nowhere  in  the  considerations  are  corrections  made 
for  this  difference.  All  of  our  curves  are  given  and  laid  out  from  the 
center  line.  As  the  table  gives  details  of  the  switch  to  hundredths  of 
a  foot,  I  feel  the  calculations  should  be  based  on  both  theoretically 
and  practically  correct  assumptions. 

Mr.  Camp: — May  I  ask  the  Committee  in  regard  to  this  term  of 
6-in.  clearance.  Does  that  refer  to  the  act  lal  clearance  between  the 
rails,  or  the  measurement  from  gage  line  of  turnout  rail  to  gage  line 
of  main  rail  ? 

Mr.  Rose : — Gage  line  to  gage  line. 

Mr.  Gushing: — In  regard  to  the  point  raised  by  Mr.  Roberts,  I 
will  say  that  the  distance  from  the  throat  is  not  6  in.  but  5  in.,  as 
shown  on  the   plan  on  page    139. 

Mr.  Rose : — As  I  understood  the  gentleman,  he  was  talking  about 
the  width  or  the  distance  from  the  heel  of  the  switch  to  the  main  track 
rail  and-  not  the  throat.  If  it  is  extended  all  through,  we  would  have 
something  to  say   about  that. 

Mr.  Roberts : — In  my  previous  remarks  I  referred  to  the  heel  dis- 
tance when  I  said  throw.  Referring  again  to  the  table,  I  do  not  think 
a  practical  track  foreman  would  use  the  ordinates  given  therein  for 
lining  the  lead  curve.  If  he  is  given  the  ordinates  from  tiie  gage 
side  of  the  main  track  rail  to  the  gage  side  of  the  curved  lead  rail 
at  the  center  and  quarter  points,  it  would  be  of  great  advantage  to  him. 

Mr.  Gushing:— Why  does  the  last  speaker  object  to  a.  6-in.  heel 
distance?     We  have  6.5. 

Mr.  Roberts: — What  weight  rail  and  length  of  switch  point? 

Mr.   Gushing: — Eighty-five  to    100  lbs. 

(Vice-President  Berg  put  the   question   on   Mr.   Lindsay's  motion   to 
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refer  the  conclusion  back  to  tlie  Committee  and  to  limit  the  table  to 
three  lengths  of  switch   points,  Init   the   motion   was  lost.) 

(Vice-President  Berg  then  put  tlie  vote  on  Mr.  Cushing's  motion 
that  table  No.  i  be  referred  back  to  the  Committee  for  further  con- 
sideration,   which    was    carried.) 

The  Secretary: — (2)  The  adoption  of  the  reinforced  split  switch 
as   shown  on   diagram,  Fig.  2. 

Mr.  Rose: — It  is  not  the  Committee's  idea  that  everybody  having 
a  switch  of  different  pattern  was  wrong,  but  that  the  switch  would  be 
recommended  as  good  practice.  The  difference  in  this  switch  from 
most  switches  now  in  use  is  in  the  throw,  the  5  in.,  which  is  provided 
to  give  the  proper  clearance  at  the  end  of  the  planing,  especially  on 
long  switches.  You  will  notice  that  there  are  plates  under  the  swTtch 
on  every  tie.  These  plates  are  6  in.  wide,  the  risers  are  all  the  same 
height,  the  two  rods  have  no  turnbuckles  or  adjusting  screws.  The 
Committee  thinks  that  the  adjustable  rods  are  unnecessary,  that  these 
rods  were  brought  about  by  poor  switch  work  and  poor  track  work,  and 
it  is  the  expectation  of  the  Committee  to  present  to  the  Association 
next  year  some  kind  of  a  switchstand  with  an  adjustable  throw.  With 
an  adjustable  throw  on  the  switchstand,  we  cannot  see  any  need  for 
an  adjustable  front  rod.  That  will  save  some  expense  on  the  cost  of 
the  switch.  The  difference  between  the  elevation  of  the  stock  rail  and 
the  switch  rail  is  a  quarter  of  an  inch,  which  the  Committee  recommends 
as  a  proper  height,  and  which  is  carried  out  from  the  heel  of  the 
switch  and  taken  up  by  additional  plates. 

Mr.  Stevens : — This  conclusion  asks  this  Association  to  adopt  the 
reinforced  split  switch  as  shown  on  diagram,  Fig.  2.  There  is  no 
scale,  and  the  only  thing  you  can  tell  about  it  is  that  the  spread  is 
6  in.  and  the  throw  is  5  in.  We  may  not  all  be  willing  to  agree  to  a 
throw  of  5  in.  I  will  therefore  make  a  motion  that  the  split  switch 
shown  in  Fig.  2  be  referred  back  to  the  Committee. 

Mr.  Rose : — That  is  an  easy  way  to  dispose  of  us.  I  think  we  ought 
to  try  to  get  some  ideas  about  the  switch  before  such  a  motion  is  put 
before  the  house. 

Mr.  Cushing: — I  suggest  that  the  Committee  will  accomplish  more 
by  writing  up  a  specification,  ratiicr  than  making  individual  designs 
for  each  kind  of  switch  which  may  be  decided  on  in  the  future.  Then 
the  members  of  the  Association  are  in  a  position  to  put  such  specifica- 
tions in  the  hands  of  any  manufacturer,  and  ask  them  to  submit  the 
drawings. 

]\Ir.  A.  K.  Shurtlcff  (Chicago,  Rock  Island  &  Pacific)  : — I  have  had 
some  experience  in  trying  to  get  three  roads  to  agree  on  a  design  for 
split  switch,  and  when  it  comes  to  the  Committee  trying  to  get  up  a 
design  that  will  suit  the  majority  of  the  members  of  this  Association,  it 
would  seem  to  me  to  be  almost  an  impossibility.  I  thiiflk,  in  line  with 
Mr.   Cushing's   tliought,   it   would   be   better    for   the   Committee   to   make 
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recommendations  as  to  the  essential  points  that  should  be  covered  in 
the   design  rather  than  to  get  up   a    detail   design. 

Mr.  Gushing: — In  line  with  that  idea,  I  would  say  that  I  remember 
being  present  in  this  hall  when  the  Signaling  Committee  began  to  make 
its  reports,  and  with  no  results.  There  was  no  one  who  could 
agree  on  anything,  but,  on  the  contrary,  just  think  what  was  accom- 
plished  at   the   meeting  yesterday. 

Mr.  Rose: — I  can  remember  back  a  few  years  in  this  Association, 
and  we  can  see  a  lot  of  progress  in  a  good  many  things.  The  Com- 
mittee tried  to  follow  out  their  orders;  it  has  been  suggested  in  the 
work  for  next  year  that  specifications  be  taken  up.  I  think  Mr.  Cush- 
ing's  suggestion  is  all  right;  it  has  been  suggested  as  one  of  the  subjects 
for  next  year's  work. 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Erie)  : — I  agree  with  Mr. 
Cushing  that,  instead  of  recommending  a  detailed  plan  of  the  switch, 
that  the  Committee  should  present  specifications  showing  the  essential 
features  and  the  work  which  we  wish  the  switch  to  do,  such  as  the 
throat,  length,  number  of  slide  plates,  reinforcing  where  it  is  reinforced, 
number  of  tie  bars,  etc.  Now,  these  specifications,  with  modifications 
in  the  details,  could  be  made  to  apply  to  the  various  lengths  of  switches 
which  they  will  probably  recommend  next  year,  and  it  will  make  their 
work  much  more  complete.  This  is  a  plan  of  a  iS-ft.  switch,  and  it 
would  not  be  of  much  help  to  us,  because  we  do  not  use  many.  These 
specifications  should  be  such  that  they  could  be  furnished  to  the  manu- 
facturers, and  they  could  submit  plans  with  details,  using  for  such 
details  their  own  inventions,  on  which  they  have  patents,  and  bid  on 
their  own  switches  under  the  specifications.  If  we  submit  a  detailed 
plan  as  the  recommendation  of  this  Association,  the  members  would 
either  have  to  decline  to  follow  it  or  else  follow  what  in  their  judgment 
would  not  be  the  best  practice. 

Mr.  Lindsay : — I  fully  appreciate  the  difficulty  the  Committee  has 
had  in  trying  to  reconcile  all  the  different  standards  of  the  country, 
and  yet  in  our  practice  we  find  that  the  switch  point  is  now  the  weakest 
detail  in  our  track  structure;  that  we  are  unable  with  our  lOO-lb.  rail 
on  a  15-ft.  point  to  use  a  full  anglebar  on  both  sides  of  the  heel  of 
the  switch.  When  we  attempt  to  strengthen  the  heel  of  the  switch 
and  support  it  against  lateral  thrust  we  are  met  by  the  objection  of 
the  signal  people  that  we  make  it  so  stiff  that  they  cannot  get  mech- 
anism enough  on  the  point  in  the  limited  clearance  distance  to  throw 
it.  Then,  again,  the  switch  rail  is  unsupported  laterally  for  a  length 
of  S  ft.,  in  many  cases  more,  against  lateral  displacement ;  assuming 
the  heel  of  the  switch  is  rigidly  held,  the  next  point  of  support  is 
the  little  lug  fastened  to  the  switch  rail  and  pressing  against  the  stock 
rail.  It  seems  to  me  this  subject  should  be  referred  back  to  the  Com- 
mittee, with  instructions  to  consider  all  the  details  of  a  modern,  up- 
to-date  switch  point  that  will  meet  the  requirements  of  present  practice, 
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and  those  who  have  to  use  other  things  can  modify  their  practice 
accordingly.  I  am  sure  there  must  be  manufacturers  of  switches  here 
who  would  like  to  express  themselves,  and  I  am  sure  they  will  not 
have  a  better  opportunity  than  the   present  to  do   so. 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  : — 
I  would  like  to  hear  some  expression  on  the  necessity  of  raising  the 
switch  rail  above  the  plane  of  the  top  of  the  stock  rail.  The  plan  sub- 
mitted evidently  contemplates  a  difference  in  elevation  of  a  quarter  of 
an  inch.     I  am  not  satisfied  that  it  is  necessary. 

Mr.  Rose: — All  the  railroads  in  the  United  States  arc  not  up  to 
the  standard  of  the  New  York  Central.  We  think  a  quarter-inch  ele- 
vation is  necessary  on  a  great  many  railroads.  We  think  it  is  safer, 
and  that  the  expense  of  maintaining  the  switch  will  be  less.  This 
Committee  is  not  sensitive  enough  to  notice  that  difference  in  a  good 
track. 

In  regard  to  getting  up  the  specifications  for  general  outline,  there 
are  two  ways  to  do  it — you  can  write  the  thing  out  or  you  can  make 
a  drawing.  Our  ideas  are  given  in  this  drawing.  That  is,  the  number 
of  tie  bars,  spacing  of  the  bolts  and  the  lugs,  number  of  switch  plates 
necessary,  width  of  such  plates  and  thickness  of  them,  spreading  at  the 
heel,  the  throw,  the  elevation  of  the  switch  alx)ve  the  stock  rail,  etc. 
We  can  put  that  down  in   language,   or  we  can   make   a  drawing  of  it. 

Mr.  Ewing: — I  support  Mr.  Cushing  in  his  opinion  that  the  plan  of 
the  switch  as  here  recommended  will  not  give  any  manufacturer  proper 
information  to  enable  him  to  construct  the  switch.  I  think  that  the 
Committee  should  prepare  specifications  covering  the  essential  points. 
Let  this  Association  act  on  this,  and  then,  if  necessary,  make  a  plan 
in  accordance  with  these  specifications.  We  have  step-plates  shown  on 
the  plan  presented ;  I  do  not  know  whether  these  plates  have  the  top 
piece  riveted  to  the  bottom  piece,  whether  they  are  compressed  or 
whether  they  are  planed.  I  do  not  think  a  manufacturer  would  know, 
and  there  are  quite  a  number  of  details  of  that  kind  which  should  be 
covered  by  specifications  to  give  the  manufacturer  accurate  information 
as  to  just  what  is  required.  For  that  reason  I  believe  the  matter  should 
be  referred  back  to  the  Committee  with  instructions  to  prepare  specifi- 
cations covering  essential  points. 

Mr.  H.  R.  Safford-  (Illinois  Central)  : — I  agree  with  Mr.  Cushing 
and  Mr.  Ewing,  for  the  reason  that  the  specification  should  accompany 
the  design.  It  occurs  to  me  that  there  is  another  reason  for  referring 
this  back  to  the  Committee,  and  that  is  for  the  particular  reference  to 
the  reinforcement.  I  believe  the  reinforcement  is  a  good  thing,  and 
adds  much  to  the  safety  of  the  switch,  particularly  on  main  track  con- 
ditions. I  believe  also  that  there  are  many  places  where  the  cost  of 
the  reinforcement  is  not  justified.  We  have  experimented  to  a  con- 
siderable extent  along  these  lines,  and  it  has  been  our  observation  that 
for   many  yard    switches   we   are   not   justified   in   going   to    the    expense 
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of  the  reinforcement,  because  of  the  large  number  damaged  by  being 
run  through.  I  think,  also,  in  referring  this  back  the  question  of  ad- 
justing should  be  very  thoroughly  considered.  I  believe  there  are  many 
places  where  the  adjustment  is  desirable,  and  in  connection  with  these 
experiments  I  have  spoken  of,  we  have  come  to  the  conclusion  that  in 
yard  work  in  many  instances  the  adjustment  is  not  taken  advantage  of 
by  the  foreman.  While  it  is  partly  a  matter  of  education  on  their  part, 
at  the  same  time  they  did  not  take  advantage  of  it  as  they  ought  to 
have  done,  and  we  have  come  to  the  conclusion  that  the  great  benefit 
of  adjustment  is  for  the  high-speed  switches,  and  particularly  with 
reference  to  switch  lights.  The  green  light  as  now  used  by  many  roads 
is  not  as  strong,  and  does  not  carry  as  far,  and  it  is  necessary  for 
the  lamp  to  be  in  perfect  position  and  condition,  and  one  of  the  great 
features  of  the  adjustment  is  to  enable  the  switch  lamp  to  be  kept  in 
perfect  adjustment.  I  therefore  believe  this  conclusion  should  be  re- 
ferred back  to  the  Committee. 

Mr.  Rose: — I  ask  Mr.  Safiford  if  he  means  that  the  adjustment 
between  the  points  has  an  effect  on  the  lamps? 

Mr.  Safford : — You  very  frequently  find  in  adjusting  the  switch 
there  is  a  tendency  on  the  part  of  the  foreman  to  slightly  change  the 
position  of  the  stand — that  has  been  our  observation.  We  believe  that 
the  tendency  is  minimized  if  the  switch  is  so  fixed  that  there  will  be 
no  inclination  to  throw  the  stand  from  its  original   position. 

Mr.  Rose: — I  do  not  quite  see  where  an  adjustment  in  the  switch 
itself  will  help  the  stand.  That  is,  to  take  up  variation  in  the  gage.  It 
is  the  opinion  of  the  Committee,  if  we  built  our  switches  according  to 
measurement,  insisting  on  what  we  order  and  gage  our  track  up,  we 
would  not  need  that  adjustment.  The  Committee  ought  to  have  some 
expression  from  the  Association  in  regard  to  the  ^-in.  elevation.  I 
think  it  is  rather  important,  and  we  would  like  to  know  before  we 
take  up  the  matter  again.  We  had  a  discussion  on  it  last  night,  but  it 
was  not  settled,  ^ 

Mr.  Lindsay: — I  had  hoped  that  some  of  the  other  representatives 
would  answer  Mr.  Kittredge's  inquiry.  I  believe  the  elevation  of  the 
riser  plates  was  introduced  through  the  necessity  of  getting  the  guttered 
ties  up  on  the  stock  rail.  The  necessity  for  that  has  decreased  in  recent 
years,  and  I  believe  will  continue  to  decrease  as  the  motive  power 
department  pay  more  attention  to  the  tires.  The  quarter  of  an  inch 
elevation  has  introduced  into  the  most  modern  railroad  development 
an  undesirable  element  in  canting  the  engine  in  passing  the  switch,  so 
that  the  third  rail  shoe  of  the  locomotive  does  not  gage  properly  with 
the  third  rail,  and  for  that  reason  I  would  like  to  see  it  eliminated  if 
it  can  be  done  safely. 

Mr.  Shurtleff: — In  regard  to  the  elevation  of  the  point  rails,  on  a 
great  many  of  the  roads  the  motive  power  department  does  not  pay 
proper   attention   to    the    driver   tires.     I    have    seen    driver   tires    with    a 
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half-inch  channel   in  them — and   this    was  not   on   the   Rock   Island — and 

1  have  also  some  photographs  of  one  switch  that  were  taken  on  another 
large  Western  road,  where  there  was  no  elevation  of  the  point  rail, 
showing  the  stock  rail  very  badly  channeled  from  the  second  flang;; 
(as  we  call  it),  on  the  drivers,  and  so  long  as  these  conditions  exist, 
so  long  as  the  motive  power  department  does  not  pay  the  proper 
attention  to  the  driver  wheels,  the   risers   are  essential. 

Mr.  Camp: — The  chairman  of  the  Committee  and  some  of  the  other 
gentlemen  said  they  would  like  information  on  this  quarter-inch  eleva- 
tion. If  they  will  refer  to  last  year's  Proceedings,  they  will  get  all  the 
expression  of  opinion  they  want.  I  recall  that  the  convention  then 
debated  that  question  for  fully  an  hour. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — One  point  is  the 
spacing  of  the  ties  in  the  switch.  When  the  Committee  settles  on  the 
essential  of  a  switch,  it  should  settle  the  tie  spacing,  and  that  tie 
spacing  should  be   in   the   interest   of  high-class    track. 

Mr.  F.  A.  Smith : — This  diagram.  No.  2,  is  a  typical  plan  of  what 
the  Committee  considered  a  good  switch.  Mr.  Wendt' s  suggestion  about 
showing  on  the  drawing  the  spacing  of  the  ties  is  something  the  Com- 
mittee could  hardly  do  and  suit  cver3'body,  for  conditions  determining 
that  are  so  very  different  on  different  roads.  There  are  some  roads 
in  this  country  upon  which  the  load  passing  over"  a  switch  will  be 
more  than  twice  that  on  some  other  road,  and  we  would  not  want 
to  space  the  ties  the  same  for  both  roads ;  so  the  best  I  think  the 
Committee  could  do  is  to  give  you  a  typical  plan  similar  to  this,  ac- 
companied by  a  specification,  which  may  be  varied  for  the  uses  of  the 
different  roads. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I 
suggest  that  the  Committee  consider  three  classes  of  track.  That  might 
meet  some  of  these  wants.  The  Association  has  made  provision  for 
the  roads  of  first,  second  and  third  class,  and  if  they  take  that  matter 
into  consideration  they  might  be  able  to  bring  in  something  that  would 
suit  everybody. 

Vice-President  Berg : — The  motion  is  that  the  diagram  in  conclusion 

2  be  referred  back  to  the   Committee   for  further  consideration. 

(The  motion  was  carried.) 

The  Secretary: — (3)  The  adoption  of  the  frog  and  specifications 
for  same,   outlined   in   the   body   of  the   report. 

Mr.  Rose : — The  frog  ought  to  go  with  the  switch.  I  want  to  say 
something  about  the  frog.  The  Committee  would  like  to  feel  that  their 
work  this  year  has  not  been  altogether  lo.st,  although  the  frog  goes 
with  the  switch.  There  is  one  point  about  this  frog — if  the  members 
will  take  notice  and  incorporate  in  their  frogs  one  bolt  as  shown 
at  the  end  of  the  rigid  wing  rail,  we  will  feel  that  our  time  has 
produced  some  results.  I  have  noticed  a  number  of  frogs  on  several 
railroads — the  Committee  has  had  the  standards  of  a  number  of  railroads 

14 
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to  help  them — and  in  nearly  every  instance  the  band  of  that  portion 
of  the  guard  rail,  the  rigid  wing  rail  on  the  frog,  is  left  without  any 
bolt  to  hold  it.  It  is  this  portion  of  the  frog  which  takes  up  the  blow 
from  the  wheels.  In  many  frogs  there  is  a  leverage  of  a  foot  from 
the  point  where  the  blow  is  taken  up  to  the  nearest  bolt.  By  putting 
in  this  extra  bolt  we  know  from  experience  that  it  will  save  the  railroad 
companies  a  lot  of  money  in   tightening  boltL?. 

Mr.  Stevens : — I  think  the  frog  plan  has  one  defect  the  chairman 
did  not  mention.  I  note  there  is  no  provision  made  for  planing  out 
the  spring  rail  for  the  passage  of  hollow  wheels.*  I  also  note  that  it 
has  a  very  objectionable  feature  at  the  toe,  the  proposed  steel  anchor 
and  splice  plate,  5^-in.  thick.  The  evident  intent  was  for  this  splice 
plate  to  act  as  a  check  strap  for  the  loose  or  spring  rail.  While  it 
would  be  effective  as  a  check  strap,  it  would  be  defective  in  that  it 
would  be  a  plate  that  would  be  subjected  to  depression  alternately, 
first  one  side  and  then  the  other;  the  inevitable  result  would  be  that 
it  would  be  always  loose.  A  loose  joint  at  the  toe  of  a  frog  is  a  calam- 
ity, and  there  is  no  chance  to  tamp  under  it.  I  consider  that  a  very 
serious  defect.  Generally  the  ,frog  is  well  designed.  It  has  ample  bolts, 
with  the  exception  as  noted  by  the  chairman,  and  it  would  be  a  good 
frog  if  those  objections  were  removed. 

Vice-President  Berg: — If  there  is  no  objection,  conclusion  No.  3 
will   be   referred   back   to   the    Committee. 

The  Secretary: — (4)  The  adoption  of  the  guard  rail  and  throat 
clearance,  as  shown  on  diagram,  .Fig.  2. 

Mr.  Rose : — It  is  usual  in  the  lead  to  have  a  guard  rail.  It  is 
rather  lonesome  without  the  frog.  A  year  ago  we  had  a  guard 
rail  II  ft.  long.  This  is  15  ft.,  with  a  long  slope.  The  throat  clearance 
is  ij^-in.  Tkere  is  a  tie-plate  on  each  tie  under  the  guard  rail  and 
special  clamps. 

Mr.  Trimble : — The  chairman  has  said  that  the  frog  would  go  back 
with  the  switch.  If  we  are  not  going  to  use  either  of  these  frogs  or 
switches  this  year,  we  would  hardly  be  able  to  use  this  guard  rail.  The 
plan  shows  three  clamps  and  a  number  of  rail  braces.  If  the  clamps 
are  efificient  they  will  probably  do  the  work  without  the  rail  braces. 

Mr.  Shurtleff: — I  am  in  favor  of  a  long  guard  rail,  but  not  a  long 
guard  rail  with  a  very  short  wing  or  bend  at  the  end  of  it.  One  of  the 
large  Western  roads  recently  has  stated  that  with  some  of  the  short 
guard  rails  in  which  they  use  a  very  heavy  clamp,  they  have  been 
bothered  with  the  breaking  of  the  clamps.  The  bends  in  these  guard 
rails  which  they  use  are  longer  than  the  bends  shown  on  this  clamp. 
They  are  talking  about  making  a  heavier  clamp.  It  is  not  a  question 
of  making  a  heavier  clamp  if  they  can  reduce  the  blow  on  the  guard 
rail.  By  lengthening  out  the  bends  they  can  reduce  the  blow.  I  am  in 
favor  of  making  the  bends  as  long  as  they  can  be  made. 

Mr.  Rose : — The  bend  on  this  drawing  is  about  5  ft.,  that  is,   from 
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the  end  of  the  small  bend  where  the  straight  portion  of  the  guard  rail 
joins  to  a  point  one  foot  from  the  center.  It  is  3  in.  from  the  gage 
of  the  rail  at  the  sharp  bend.  Upon  a  railroad  which  could  afford  to 
use  a  guard  rail  of  this  design,  enough  money  could  probably  be  spent 
to  keep  the  track  closely  gaged,  and  I  do  not  think  that  the  backs  of  the 
wheels  would  strike  the  guard  rail  at  all  after  it  had  passed  the  point 
of  tangent  at  the  end.  The  short  bend  is  not  the  place  for  the  wheels 
to  strike,  but  somewhere  between  the  tangent  of  this  bend  and  one  foot 
from  the  center  of  the  guard  rail. 

Mr.  Shurtleff:— I  took  it  that  the  guard  rail  was  maintained  at  1% 
in.  throughout  the  main  length  of  the  guard  rail,  and  that  explains  the 
matter. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  :— I  would  like  to 
refer  to  the  minimum  clearance  between  the  main  rail  and  the  guard 
rail.  It  is  given  here  as  i}i  in.  Many  lines  of  railroad  are  operated  on 
a  minimum  clearance  of  i^.  ■  There  is  nothing  more  important  to  be 
determined  than  what  that  minimum  should  be,  and  I  think  we  ought 
to  determine  what  the  opinion  of  the  roads  represented  here  is  with 
reference  to  that  point.  I  was  asked  to  look  into  the  question,  owing 
to  the  breakage  of  a  few  flanges.  Charges  have  been  made — but  not 
sustained — that  breakages  of  wheel  flanges  have  been  due  to  the  guard 
rails  being  too  close,  and  I  think  we  could  a:  least  go  so  far  with  this 
report  as  to  determine  whether  minimum  clearance  should  be  i}i  or 
i^  in. 

Mr.  Trimble:— I  would  call  the  attention  of  the  Association  to 
the  fact  that  the  American  Railway  Association  has  already  taken 
action  on  that  point.  April  7,  1897,  a  resolution  was  adopted  by  that 
Association  as  follows:  "Resolved,  that  the  standard  distance  between 
the  main  rail  and  guard  rail  and  in  the  throat  of  all  frogs  be  i^  in., 
measured  at  the  gage  line,  for  all   tracks  of  the   standard  gage." 

Mr.  Churchill : — In  view  of  the  fact  that  there  are  many  roads 
using  iji  in.,  if  i^  in.  is  considered  to  be  wrong,  this  Association 
should  determine  the  matter  and  make  the  change  in  the  plan.  This 
Committee  recommends  1%.  In  order  to  get  the  sense  of  the  meeting, 
I  move  that  we  adopt  iVs  in.  as  a  minimum. 

Mr.  Garrett  Davis  (Chicago,  Rock  Island  &  Pacific)  :— There  is  a 
tendency  to  increase  the  width  or  thickness  of  the  flange,  and  that  is 
what  was  borne  in  mind  when  the  recommendation  was  made. 

Mr.  Trimble : — That  thickening  has  been  put  on  above  the  level  of 
the  top  of  the  rail  and  does   not  affect  the  flange  width. 

Mr.  Rose:— It  is  true  that  the  thickening  of  the  flange  is  higher  up 
than  the  top  of  the  rail,  but  it  is  also  true  that  it  is  the  practice  to 
vary  the  distance  between  the  backs  of  drivers  where  the  standard  dis- 
tance between  the  backs  of  the  tires  is  S3V&  i"- ;  it  is  the  practice  to  make 
the  drivers  as  small  as  53%.  The  Committee  has  found  from  experience 
that  it  is  very  hard  upon  frog  and  guard  rails  to  maintain  the   i^  in. 
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clearance.  We  find  that  ifs  in.  will  protect  the  point.  On  the  M.  C.  B. 
standards  for  inside  gage  of  flanges,  53%  in.  on  new  car  wheels,  there 
is  a  dififercnco  of  13-32  in.  between  the  gage  of  the  wheel  and  the  gage 
of  the  track.  There  is  only  1-16  in.  difference  between  the  gage  of 
the  guard  rail,  if  I  may  express  it  that  way,  and  the  back  of  the  flange 
of  the  wheel,  when  the  wheel  is  running  centrally  through  the  guard 
rails.     It  is  a  little  bit  close. 

Mr.  D.  D.  Carothers  (Baltimore  &  Ohio)  :— I  think  it  would  be 
unfortunate  for  this  Association  to  get  into  a  controversy  with  the 
American  Railway  Association.  That  Association  has  a  committee  which 
has  been  investigating  for  several  years  the  relation  of  the  wheel  to 
the  rail  and  has  done  a  great  deal  of  experimental  work,  and  the  Com- 
mittee is  made  up  of  engineers  and  mechanical  men.  I  think  there  are 
some  of  the  committee  here. 

M'r.  C.  A.  Wilson  (Cincinnati,  Hamilton  &  Dayton): — 1  am  thor- 
oughly in  accord  with  Mr.  Churchill.  This  Association  has  no  way 
to  express  its  opinion  of  what  the  gage  should  be  except  by  a  vote  of 
this  body.  The  standard  gages  of  the  wheels,  as  the  M.  C.  B.  standard 
shows,  give  us  all  the  clearance  there  stated,  but  in  practice  very  few 
master  mechanics  refuse  wheels  because  the  flange  is  too  thick.  An 
examination  of  many  wheels  will  show  that  the  distance  from  back 
to  back  of  wheels  is  much  closer  than  the  .standard  gage  shows.  That 
is  why  trackmasters  are  not  able  to  maintain  the  i^  feature  in  the 
clearance  between  the  guard  rail  and  the  main  rail.  I  have  always 
thought,  for  this  reason,  the  American  Railway  Association  were  not 
right  when  they  thickened  the  car-wheel  flange  without  widening  the 
flangeway  of  frogs  and  guard  rails,  and  if  there  are  enough  members  of 
the  Association  who  have  experience  in  that  line,  I  think  the  evidence 
of  that  should  be  given  to  the  committee  of  the  American  Railway 
Association  and  to  the  Track   Committee  of  this   Association. 

Mr.  Camp: — Mr.  Trimble  is  quite  right.  The  standard  flangeway 
of  the  M.  C.  B.  Standards  is  1^4  i"-  That  is  still  the  dimension,  not- 
withstanding that  the  wheel  flange  was  thickened  a  year  ago.  As  I  said 
last  year,  the  M.  C.  B.  Association  increased  the  thickness  of  the  wheel 
flange  %  in.,  but  most  of  the  increase  comes  above  the  top  of  the  rail. 
Last  June  the  M.  C.  B.  Association  revised  tlie  standard  gaging  points 
for  wheels  and  track  to  make  them  conform  to  this  thickened  flange, 
and  I  have  here  the  standard  drawings  of  that  Association.  They 
show  a  flangeway  of  1^4  in.  with  a  full-size  wheel  flange;  and  there  is 
plenty  of  room  on  the  fillet  side  of  the  flange  and  7-64  in.  clearance  on 
the  back  side,  leaving  the  guard  rail  standing  at  the  same  gage  which 
it  had  been  laid  to  before  the  change  in  the  thickness  of  the  flange. 

I  do  not  think  it  would  be  proper  for  this  Association  to  change 
the  width  of  the  guard  rail  flangeway  without  doing  it  in  co-operation 
with  the  M.  C.  B.  Association,  whose  standards,  as  Mr.  Trimble  told 
you,  are  indorsed  by  the  American  Railway  Association.     If  you  set  the 
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guard  rail  over  %  i'l-,  you  will  permit  the  wheel  on  the  other  side 
of  the  track  to  run  %  in.  closer  to  the  point  of  the  frog.  It  is  a  fact 
that  the  M.  C.  B.  Association  to-day  is  gaging  its  wheels  to  a  i^-in. 
flangeway.  I  think  that  before  any  change  is  made,  we  should  at  least 
consult  the   M.   C.   B.   Association. 

Mr.  Rose: — I  would  not  understand  that  the  M.  C.  B.  Association 
would  be  offended  if  we  put  our  guard  rails  out  further.  We  have 
found  by  experience  that  it  makes  a  longer  life  of  frogs.  Mr.  Camp 
says  there  is  plenty  of  room  to  get  through.  The  diagram  shows  1-16  in. 
It  gives  the  distance  from  back  to  back  of  wheels  53^  in.,  taking  up  the 
one-quarter  inch  they  formerly  had. 

Mr.  Camp : — That  diagram  is  out  of  date.  They  adopted  a  new 
diagram  in  June,  1907,  and  the  distance,  back  to  back  of  wheels,  or  the 
inside  gage   of   flanges,    is   4    ft.    5    7-32   in. 

Mr.  Safiford : — Was  there  not  some  slight  increase  in  the  width  of 
the  flange  at  the  top  of  the  rail,  about  1-16  in.? 

Mr.  Camp: — Not  quite  that  much — about  3-64  in. 

Mr.  Lindsay: — I  think  the  M.  C.  B.  Association  will  welcome  an 
increase  in  the   width  of  the  flangeway   to    \''/8. 

Mr.  Montfort: — I  was  a  member  of  the  Committee  in  1897  which 
Mr.  Trimble  referred  to.  Mr.  Buchholtz  was  chairman  of  the  com- 
mittee. I  happen  to  be  a  member  of  the  existing  committee,  of  which 
Mr.  Peck  is  the  chairman,  and  the  width  of  the  flangeway  was  very 
carefully  considered  by  both  committees.  They  had  full-sized  models 
and  experimented  with  them  in  all  possible  shapes 'and  forms,  and  both 
committees  agreed  that  i^  in.  was  the  best,  better  for  the  track  as  well 
as  for  guiding  the  wheels.  Besides,  it  shortens  the  distance  which  the 
wheel  has  to  jump,  especially  in  the  case  of  stifif  frogs. 

Mr.  Ewing: — The  point  of  the  frog  is  also  to  be  considered.  I 
take  it  from  the  chairman's  statement  a  while  ago  that  there  is  %  in. 
clearance,  and  if  he  allows  %  in.  more  the  wheel  will  strike  the  point 
of  the  frog,  and  I  think  it  is  borne  out  in  practice  that  the  wheels  do 
strike  the  point  of  the  frog  in  a.   1%  flangeway. 

Mr.  Carothers : — If  we  have  a  recommendation  to  make,  I  think  it 
should  be  made  to  the  American  Railway  Association  and  not  adopted 
as  recommended  practice. 

Vice-President  Berg: — The  Chair  understands  Mr.  Churchill's  mo- 
tion to  be  in  the  nature  of  a  direction  to  the  Committee  for  guidance 
in  preparing  specifications  only,  and  not  for  the  purpose  of  having  any 
formal   action   by  this   Association   at   this   time. 

Mr.  Cushing: — This  is  a  case  that  applies  jointly  to  the  M.  C.  B. 
and  our  Association,  but  it  is  not  a  matter  of  simply  looking  after  our 
own  interests  and  saying  that  is  what  we  want  and  the  other  fellow 
must  come  to  it.  I  lay  great  stress  on  the  necessity  for  full  co-opera- 
tion between  the  maintenance  of  way  and  the  motive  power  engineers 
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in  determining  that  question.     We  should  not  make  any  change  until  we 
have  given  it  the  same  amount  of  study  as   that   association. 

(Vice-President  Berg  then  put  Mr.  Churchill's  motion  to  vote,  but 
it  was   lost.) 

(Vice-President  Berg  then  put  the  question  on  the  original  motion, 
that  the  fourth  conclusion  be  referred  back  to  the  Committee,  which  was 
adopted.") 

Vice-President  Berg: — Owing  to  the  late  hour,  we  will  now  take 
up   conclusion  7  and  hear   from  the   Committee  on   that. 

The  Secretary: — (7)  That  the  widening  of  gage  on  curves  be  cal- 
culated according  to  formula  on  diagram  A,  like  tables  B,  C  and  D, 
as  shown.' 

Mr.  M.  L.  Byers  (Missouri  Pacific)  : — There  is  one  suggestion  that 
I  would  like  to  make.  The  use  of  plans  in  regulating  standards  for 
our  maintenance  of  way  materials  has  two  undesirable  features.  It 
has  a  tendency  to  stop  progress.  We  are  continually  finding  improved 
kinds  of  track  material,  but  if  we  adopt  a  fixed  standard,  we  cannot 
take  advantage  thereof.  We  can,  on  the  other  hand,  cover  the  matter 
by  specifications  so  that  we  can  take  advantage  of  improvements.  The 
second  is,  if  we  adopt  a  fixed  plan  we  generally  have  to  adopt  some 
patented  article,  or  are  compelled  to  use  inferior  designs.  If  we  adopt 
specifications  instead  of  plans,  we  give  the  different  manufacturers  the 
opportunity  to  offer  their  patented  devices,  and  we  can  select  such  of 
these  articles  as  may  seem  most  desirable.  In  that  way  it  places  the 
purchasing  agent  in  better  position  to  secure  materials  cheaper,  because 
he  has  a  wider  range  of  selection.  I  believe  both  of  these  reasons  are 
such  as  to  make  it  desirable  to  control  through  the  medium  of  specifica- 
tions rather  than  of  plans. 

Mr.  Rose : — There  is  a  mistake  in  the  tables.  The  ordinate  "B  and 
C"  here  shown  has  been  checked  and  corrected  within  1-64  in.  in  most 
instances.  They  are  all  theories  or  approximations  of  men  who  cal- 
culated the  matter,  but  in  changing  our  recommendation  for  the  distance 
between  the  hubs  and  frames  of  engines  wo  should  have  added  yi-in. 
rather  than  subtracted — therefore  there  would  be  no  widening  of  the 
gage  until  after  passing  the  13-degree  curve.  In  that  instance,  all  of 
the  play  in  the  engine,  if  it  is  new  and  according  to  specifications,  will 
be  used  up  in  going  around  curves.  There  is  nothing  allowed  for  varia- 
tions, and  I  think  the  one  use  this  table  would  have  would  be  to  sub- 
tract a  little  from  one,  taking  %  in.  as  the  number  to  be  subtracted 
from  the  ordinate  B  and  C  to  determine  the  required  gage.  We  w'll 
correct  that,  but  we  make  this  announcement  so  that  no  more  harm  can 
be  done.  There  arc  some  simpler  formulas  for  making  these  calculations 
and  the  trigonometrical  part  of  it  might  be  loft  out.  The  calculations  are 
mad^  on  the  assumption  that  the  forward  and  rear  drivers  of  a  con- 
solidation engine  are  set  ^-in.  from  the  standard  of  53^  in.  and  that 
the    middle    drivers    arc    set    in    J/^-in.     This    spacing    of    driving    wheels 
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is  one  that  was  recommended  by  the  Master  Mechanics'  Association 
on  this  class  of  engines.  The  tables  were  prepared  at  the  suggestion 
of  Mr.  F.  M.  Whyte,  of  that  association,  and  show  what  difiference  it 
would  make  in  the  track  if  one  foot  were  added  to  the  length  of  wheel 
base.  He  said  that  very  often  in  designing  engines  and  the  adding  of  a 
foot  in  order  to  get  a  little  better  firebox,  or  in  order  to  overcome 
some  problem  in  the  design  of  the  engine,  that  they  did  this  without 
thinking  what  it  would  do  to  the  track.  That  is  the  reason  we  made 
up  the  diagnam  for  i8-ft.  wheel  base,  four  driving  axles,  and  19-ft.  wheel 
base  on  four  driving  axles,  and  the  diagram  C  is  for  five  flanged  drivers 
on  a  side.  These  engines  are  now  in  service  on  some  roads,  and  an 
attempt  has  been  made  to  run  them  with  the  middle  driver  flanged.  The 
gage  of  the  curves  has  been  widened  by  the  trackmen. 

Mr.  Ewing: — Has  the  Committee  considered  that  the  widening  of 
the  gage  as  proposed  is  the  maximum,  or  would  they  carry  out  this 
same  formula  for  calculating  even  higher  curvature  than  is  shown 
here ;  in  other  words,  what  is  the  maximum  excess  gage  that  we  can 
safely  use? 

Mr.  Rose: — The  Committee  is  not  prepared  to  say.  We  will  have 
to  make  some  experiments  on  the  effects  of  four-wheel  trucks  upon 
that  gage  before  we  will  be  able  to  answer  that. 

Vice-President  Berg: — What  import  is  given  to  the  adoption  of 
conclusion   No.  7? 

Mr.  Rose: — We  were  instructed  to  look  into  this  subject,  and  have 
done  so.  I  think,  personally,  that  wc  will  have  to  widen  the  gage  if 
you  want  to  run  the  engines  through  the  curves  outlined  here.  I  do 
not  see  how  we  can  get  along  without  it.  There  is  one  further  point 
that  I  failed  to  mention.  It  is  now  the  standard  on  most  railroads 
to  have  the  distance  clearance  between  the  hub  plates  and  the  frames 
of  ^-in.  At  a  meeting  in  New  York  of  the  Committee  the  o.hcr  day. 
two  members  of  the  Master  Mechanics'  Association  said  they  would 
recommend  that  clearance  be  increased  one-quarter.  Since  this  has 
been  in  print  we  have  had  a  letter  from  Mr.  Whyte,  in  which  he  sug- 
gested that  the  table  be  prepared  for  ^,  3-16  or  ^4-in.  clearance. 
Some  of  the  lines  he  is  connected  with  have  Lecn  trying  3-16  and  have 
not  found  it  sufficient.  On  small  lines  ^-in.  clearance  has  been  satis- 
factory. He  thought  it  would  be  pretty  hard  to  get  the  }i-m.  clearance 
adopted  by  the  Association,  so  the  Committee  can  correct  the  table  to 
give  the  amount  of  widening  necessary  for  ]/i,  3-16  and  ^-in.,  and  any- 
one who  desires  to  do  so  can  add  or  subtract  from  the  results  in  the 
table   to   suit   their  own   standards. 

Mr.  Kittredge : — I  move  that  the  conclusion  be  received. 
(The  motion  was  carried.) 

Vice-President  Berg: — The  Committee  on  Track  will  now  retire.  I 
might  add  for  the  consolation  of  the  Committee  that  many  committees 
have  fared  as  badly  before  and  have  come  back  with  excellent  results. 
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Mr.  F.  S.  Stevens  (Philadelphia  &  Reading — by  letter)  : — There  is 
probably  no  other  subject  in  connection  with  track  on  which  so  much 
has  been  said  and  written  as  on  the  subject  of  turnouts,  and  the 
writer  is  pleased  to  note  that  the  Committee,  in  dealing  with  this  subject, 
treats  it  in  what  appears  to  be  the  proper  way,  i.  e.,  by  subtracting 
the  spread  of  the  switch  and  frog  from-  the  gage  of  track  and  using 
the  remainder  as  the  basis  of  their  computations. 

When  the  angle,  spread  and  length  of  switch  and  the  angle,  length 
and  spread  of  the  frog  in  front  of  the  theoretical  point  are  known,  the 
only  unknown  quantities  are  the  lengths  of  rail  to  be  used  on  both  the 
lead   and  turnout  sides. 

The  Committee  represents  the  frog  angle  by  $,  the  switch  angle 
by  "a,"  the  gage  of  track  minus  spread  of  switch  and  frog  by  "b"  and 
the  distance  between  switch  and  frog  on  the  lead  side  by  "X."  They 
state  that  the  length  of  the  chord  of  the  turnout  curve  is  equal  to  b  -^- 

$  +  a                                                                    $  +  a 
sine ,  but  do  not  say  that  X  =  b  -f-  tangent . 

2  2 

They  state  that  the  frog  angle  should  not  ordinarily  be  greater  than 
three  times  the  switch  angle,  yet  in  the  table  presented  this  rule  is 
repeatedly  violated,  the  most  objectionable  case  probably  being  where 
a  switch  15  ft.  in  length  is  used  with  a  No.  10  frog. 

There  appear  to  be  numerous  errors  in  this  table,  both  in  the  as- 
sumptions and  the  computations ;  we  will  take  for  illustration  the  No. 
8  frog  with   15   ft.   switch. 

The  frog  angle  is  given  as  7°  9'.  The  number  or  ratio  of  a  frog 
is  the  ratio  of  its  spread  at  the  heel  to  the  length  of  the  tongue  or 
point,  and  the  spread  is  equal  to  twice  the  sine  of  half  the  angle 
multiplied  by  the  length  from  the  theoretical  point  to  the  heel,  measured 
on  the  rail ;  an  angle  of  7°   10'  is  required  to  fulfill  these  conditions. 

It  is  admitted  that  in  all  computations  the  theoretical  point  of  the 
frog  is  to  be  used.  Why  then,  to  insure  accuracy  and  be  consistent, 
is   not  the  theoretical   instead  of  the   actual   point  of  the   switch   used  ? 

The  Committee  in  its  table  gives  the  angle  of  its  15-ft.  switch  as 
i'  55' J  this  implies  that  the  switch  is  planed  to  a  needle  point;  switches 
are  not  generally  so  planed,  but  instead  are  planed  to  a  thickness  of 
%-in.  at  the  point,  the  point  being  then  chamfered  from  a  distance  of 
about  one  foot  back  to  a  thickness  of  ^-in.  at  the  point,  and  the  corners 
are  then  rounded  with  a  file. 

If  planed  in  this  way  the  angle  is  reduced  to  1°  50',  and  the 
theoretical  length  becomes  15.65  ft.,  and  as  this  materially  changes  the 
ratio  of  the  length  of  the  switch  to  its  spread,  the  length  of  lead  will 
be  considerably  increased. 

I  give  herewith  the  figures  taken  from  the  table;  also  the  corrected 
figures   on    the   basis   of    computation    used   by    the    Committee.    I    also 
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submit  the  figures  as  they  would  appear  if  the  theoretical  instead  of 
the  actual  point  of  switch  were  used,  with  a  diagram  showing  the 
angles   and   distances. 

It  sometimes  happens  that  we  want  to  know  what  length  of  rail 
to  use  between  a  switch  and  frog  where  we  have  no  table  of  turn- 
outs, or  of  sines  and  tangents  with  us.  At  such  times  we  can  readily 
overcome  the  trouble  by  using  the  ratios  of  the  frog  and  switch  as 
follows : 

We  have  seen  that  those  portions  of  the  gage  of  the  track  that 
are  absorbed  by  the  spread  of  the  frog  and  switch  are  not  available 
for  use  in  computing  the  length  of  the  turnout  curve;  we  therefore 
subtract  them  and  use  the  remainder  in  this  computation  also.  We 
know  that  the  lines  of  the  frog  and  switch  produced  should  intersect 
at  a  point  midway  between  the  heel  of  the  switch  and  the  toe  of  the 
frog,  and  that  if  we  add  these  ratios  and  divide  that  portion  of  the 
gage  that  is  available  for  use  in  determining  the  length  of  the  turnout 
curve  by  the  sum  of  the  ratios,  the  quotient  will  be  the  distance  from 
the  heel  of  the  switch  or  the  toe  of  the  frog  to  the  point  of  intersec- 
tion,   illustrated    as    follows : 

I  39-3  39-3 

—  +  ys  = .  3-585  ^ =  22.84. 

31-3  250.4  250.4 

The  Committee  states  that  a  switch  11  ft.  long  can  be  used  in  place 
of  one  10  ft.  long,  that  a  switch  i6j^  ft.  long  can  be  used  in  place  of 
one  15  ft.  long,  etc.,  etc.,  and  as  no  mention  is  made  of  any  corresponding 
changes  in  the  length  of  the  lead  and  turnout  rails,  radius  of  curve 
and  middle  and  side  ordinates,  the  inference  is  fair  that  no  such  changes 
are  contemplated. 

In  the  case  of  the  lo-ft.  switch,  this  change  would  reduce  the 
switch  angle  by  16  mins.  and  would  increase  the  length  of  lead  by  i.i  ft. 

If  a  switch  i6y2  ft.  long  is  used  in  place  of  one  15  ft.  long,  the 
switch  angle  would  be  reduced  by  11  mins.,  and  the  lead  would  be 
increased  by  .95  ft.  It  appears,  therefore,  that  if  the  switch  angle  is 
changed,  the  length  of  lead  and  the  ordinates  of  the  turnout  curve  must 
be  changed  also.  When  a  switch  is  placed  in  track  the  heels  of  the 
switch  rails  are  very  firmly  held  by  the  angle  plates,  tie-plates  and 
spikes,  and  when  the  points  are  moved  the  switch  rails  must  bend 
instead  of  moviwg  freely  throughout  their  entire  length  and  making  an 
angle  at  the  heel. 

When  thrown,  the  back  end  of  the  planing  should  come  in  contact 
with  the  stock  rail  before  the  point  is  entirely  closed,  to  insure  a 
straight  line  on  the  gage  side  of  the  switch  rail,  that  is  thus  put  in 
service,  and  prevent  thereby  the  very  unsightly  appearance  of  a  switch 
rail  crowding  the  gage.  To  accomplish  this,  it  is  necessary  ta  spring 
the  switch  rails  slightly  before  they  are  put  in  track. 
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To  produce  the  best  appearance,  it  seems  desirable  that  the  switch 
rail  that  is  attached  to  the  curved  rails  of  the  turnout  be  set  back  a 
distance  equal  to  the  sine  of  half  the  switch  angle  multiplied  by  the 
distance  between  rails  at  the  heel  of  the  switch.  This  will  place  the 
rods  square  with  the  switch  rails  when  the  switch  is  thrown  half  way. 
Some  objection  may  reasonably  be  urged  against  the  throw  of  5.  inches 
shown  on  the  plan  submitted  with  the  report.  We  have  used  for  many 
years  a  throw  of  4  inches  at  the  first  rod,  and  this  appears  to  have 
been  sufficient,  and  to  have  met  all  requirements;  it  therefore  seems 
unwise  to  increase  the  throw  and  incur  the  expense  involved  at  all 
points  where  switches  with  a  throw  of  4  inches  at  the  first  rod  are 
interlocked. 

The  only  switch  shown  in  the  report  is  15  ft.  long,  and  two  rods 
are  provided ;  this  is  probably  enough  for  a  switch  of  that  length,  but 
two  rods  are  not  enough  for  a  switch  20  ft.  or  more  in  length. 

The  first  or  head  rod  should  be  of  proper  length  to  give  the  switch 
the  desired  throw  or  movement,  and  all  additional  rods  should  be  of 
the  proper  length  to  permit  the  switch  rail  to  lie  without  strain  in 
the  curve  that  it  will  naturally  take  from  having  its  heel  firmly  held 
by  the  splice  and  spikes. 

The  plan  of  frog  submitted  by  the  Committee  shows  an  increased 
length  of  wing  rail  at  the  toe  on  the  turnout  side  to  provide  for  the 
increased  distance  between  switch  and  frog,  and  thus  to  keep  the  rails 
between  switch  and  frog  of  the  same  length  and  interchangeable.  This 
is  a  very  good  point,  and  the  plan  generally  is  commendable,  but  in 
some   of   the   details,   it  may  be   subject   to   criticism. 

The  proposed  steel  anchor  and  splice  would  no  doubt  prevent  the 
spring  rail  from  creeping,  but  it  would  be  expensive  if  well  made,  and 
as  the  load  would  be  applied  alternately,  it  would  no  doubt  be  always 
loose  and  unsatisfactory,  and  as  it  follows  that  when  a  joint  is  loose 
the  ties  under  it  are  loose  also,  it  is  probable  that  such  plates  would 
soon  be  discarded. 

Nothing  can  be  said  against  the  plan  of  placing  a  plate  under  the 
point  of  a  frog  long  enough  to  cover  three  ties,  and  cut  it  out  at  the 
sides  to  fit  the  lines  of  the  rails,  so  that  tamping  may  not  be  impeded, 
except  that  such  plates  would  be  very  costly,  and  it  is  an  open  question 
whether  there  is  enough  increase  in  durability  over  three  separate 
plates    (one  for  each   tie)    to  warrant  the  increased   expense. 

The  strength  of  a  frog,  or  its  power  to  resist  shocks,  is  measured 
largely  by  the  length  of  the  lap  of  the  wing  rails,  and  the  length  of 
the  close-fitting  packing  block.  In  the  plan  submitted  this  block  appears 
to  be  about  three  feet  long;  this  length  might  no  doubt  be  increased 
to  advantage  to  at  least  three  and  one-half  feet,  and  the  heel  block  might 
have  one  or  two  more  bolts. 

The  plan  does  not  indicate  that  the  spring  rail  is  to  be  planed  out 
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to  permit  the  passage  of  wheels    with   hollow  treads ;   this   is   very   im- 
portant,   and    should    not   be    omitted. 

It  may  be  noted  that  it  is  proposed  by  the  Committee  to  place  a 
strap  on  both  the  inside  and  the  outside  of  the  switch  rails  from  end 
to  end  to  reinforce  them,  and  prevent  the  parts  from  separating  in 
case  of  breakage.  There  may  be  some  question  as  to  the  necessity 
for  extending  these  straps  much  beyond  the  point  where  the  switch 
rails  have  been  weakened  by  planing,  but,  assuming  that  the  Committee 
is  right  in  recommending  that  switch  rails  should  be  reinforced  both 
sides  from  end  to  end,  to  be  consistent,  it  appears  reasonable  that  they 
should  recommend  similar  reinforcement  for  the  spring  rail  of  a  frog 
that  is  subjected  to  somewhat  harder  treatment  in  service.  Nothing 
appears,  either  on  the  plan,  or  in  the  table,  to  indicate  the  lengths  or 
proportions  of  frogs,  nor  have  we  any  recoqjmendations  from  the 
Committee  on  this  point;  the  writer  will  therefore  make  the  suggestion 
that  the  standard  length  for  frogs  Nos.     3  to  ii,  inclusive,  be  15  ft. 

12  to  16,  inclusive,        20  ft. 
17  to  20,  inclusive,        25  ft. 
21  to  24,  inclusive,         30  ft. 
and    that   the   proportions    shall    be    in    all    cases    two-fifths    of    the    total 
length    from    the   theoretical    point    to    the   toe    and    three-fifths    of   total 
length  from  this  point  to  the  heel. 

It  seems  desirable  that  the  Committee  should  present  plans  showing 
details  of  recommended  practice,  with  all  dimensions  clearly  shown, 
and  should  submit  specifications  for  consideration  by  the  Association, 
that  recommended  practice  on  these  lines  may  be  adopted  and  embodied 
in  our  Manual. 

D.  MacPherson  (Transcontinental  Railway — by  letter)  : — Referring 
to  the  Committee's  remarks  on  continuous  main  track  rail  switches. 
Would  they  kindly  give  reasons  for  saying,  "It  is  practically  impossible 
to  keep  the  wing  rail  on  spring  frogs  in  proper  position,  with  continuous 
main  track  at  the  switch."  Assuming  their  reasons  good  ones,  would 
not  the  logical  practice  be  to  adopt  a  continuous  main  track  at  frog 
also?  Such  a  device  surely  presents  the  ideal  combination,  as  you  save 
all  the  wear  on  frogs  and  switches  of  all  the  fast  trains  passing  on 
main  line,  an  important  consideration  at  any  time,  and  especially  in  thr  - 
times  of  enforced  railroad  retrenchment. 

A  continuous  rail  switch  and  frog  has  been  adopted  as  a  standard 
by  the  Canadian  Pacific  Railway  after  severe  tests  extending  over  sev- 
eral years. 

With  regard  lo  the  objections  on  the  score  of  trains  breaking  apart 
and  having  to  take  siding  slowly.  Would  the  Committee  specify  what 
speed  they  consider  safe  for  a  train  to  take  the  reverse  7V2  degree  curve, 
without  elevation  of  outer  rail,  on  a  split  switch?  They  will  probably 
not  consider  a  speed  of  over  10  or  15  miles  per  hour  good  practice,  and 
a  modern   continuous  rail  switch   is   perfectly   safe   for   such   speeds.     In 
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corroboration,  I  attach  report  of  an  accidental  test  at  speed  of  50  miles 
per  hour  over  a  No.  9  lead.  As  to  breaking  apart  of  train,  all  the  brief 
reports  were  sent  to  the  writer  in  the  early  stages  of  this  device  and  there 
never  has  been  a  case  of  a  train  breaking  apart  on  or  due  to  same.  In 
regard  to  possible  damage  to  brakes  or  other  equipment,  a  dragging  brake 
may  catch  on  any  switch  or  frog,  but  is  not  more  liable  to  catch  on  the 
continuous  rail  frog  or  switch  than  any  other,  because  the  rails  are  bev- 
eled off  below  height  of  main  rail  at  both  switch  and  frog.  The  main 
clijections  to  the  earlier  forms  of  continuous  rail  switch,  and  which  an  offi- 
cial of  a  leading  American  road  informed  the  writer  was  his  reason  for  dis- 
continuing its  use  on  his  line,  was  the  fact  that  they  necessitated  the  main 
track  being  left  i^-inch  gage  at  the  switch  and  the  switch  rails  them- 
selves were  about  3  in.  wide  gage.  The  natural  consequence  was  that 
wheels  with  narrow  treads  or  the  slightest  tendency  to  narrow  gage  were 
constantly  being  derailed  when  taking  sidings,  and  there  was  always  a 
swing  in  the  line  of  main  track  at  switches.  These  defects  have  been 
completely  remedied  in  the  most  modern  continuous  rail  switch  by  a  single 
method  of  bending  and  planing  the  switch  rail,  which  allows  the  main 
track  to  be  kept  to  standard  gage,  and  the  switch  rails  very  little  wider. 
In  regard  to  the  Committee's  remark  that  continuous  rail  switches  arc 
no  safer  than  split  switches,  it  will  in  the  writer's  opinion,  require  substan- 
tial proof  to  convince  any  unbiased  railway  man  that  the  ponderous  loco- 
motives of  the  present  day,  at  speeds  of  75  and  80  miles  per  hour,  are 
not  safer  runnmg  over  a  solid  continuous  main  line  rail  than  over  the 
broken  parts  of  main  rail  caused  by  split  switches  and  spring  frogs, 
which,  although  maintained  with  the  greatest  care  and  watchfulness,  are 
responsible  for  an  appalling  list  of  disasters  every  year.  The  Committee 
is  surely  under  a  misapprehension  in  stating  that  continuous  rail  switches 
cost  three  times  as  much  as  split  switches.  Possibly  this  may  be  a  mis- 
print, and  it  intended  to  say  that  they  would  wear  three  times  as  long, 
which  would  be  a  conservative  estimate  when  you  consider  that  they 
are  not  touched  by  passing  main  line  trains. 

The  best  modern  continuous  rail  switch  and  frog  has  been  for  some 
time  under  contract  for  manufacture  with  the  best  switch  works  in 
Canada  at  less  than  10  per  cent,  increase  in  price  over  the  best  split 
switches  and  spring  frogs,  and  they  last  ten  limes  as  long,  which  is 
proved  by  credentials.  In  the  United  States  they  are  being  man- 
ufactured at  66  per  cent,  increase  over  split  switches,  the  increased 
price  being  due  to  the  fact  that  the  manufacturer  makes  all  other  kinds 
of  switches  and  is  naturally  more  interested  in  selling  switches  which  will 
last  very  much-  longer.  The  Illinois  Central  Railroad  and  some  other 
roads  are  alive  to  this  fact,  and  the  former  road,  having  tested  and  ap- 
proved of  the  device,  is  negotiating  for  the  right  to  manufacture  for 
themselves. 

The  present  financial  stringency  is  causing  railway  managers  all 
over  the  country  to  retrench  in  every  practical  way  in  maintenance,  but, 
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with  the  closest  possible  cut,  there  will  still  be  a  number  of  main  line 
switches  and  frogs  to  renew.  Farsighted  managers  will  see  that  it  is  true 
economy  to  renew  with  whatever  is  the  best  form  of  continuous  rail 
switch  and  frog,  which  will  last  a  minimum  of  ten  times  the  ordinary 
device. 

Why  continue  to  pound  our  fast  trains  over  switches  which  they  do 
not  use,  yet  on  which  they  cause  90  per  cent,  of  the  wear?  As  well 
might  we  try  to  keep  brakes  partially  set  all  the  time,  in  order  to  wear 
out  their  shoes  quicker.  The  continuous  rail  switch  and  frog  is  the  com- 
mon sense  solution  and  it  has  come  to  stay.     Let  the  best  type  win. 


REPORT   OF   COMMITTEE   NO.    IV— ON   RAIL. 

(Bulletin   No.    96.) 
To  the  Members  of  the  American  Railway  Engineeritig  and  Maintenance 
of  Way  Association: 

Two  meetings  of  the  Committee  have  been  held  during  the  year, 
one  at  Atlantic  City  and  the  other  in  New  York. 

We  have  conferred  with  the  Committee  of  the  American  Society  of 
Civil   Engineers    and   the   American    Railway    Association. 

We  submit  the  following,  which  gives  briefly  what  has  been  done 
during  the  year  on  the  matter  of  new  sections  and   specifications : 

The  American  Railway  Association  appointed  a  special  committee 
on  Standard  Rail  and  Wheel  Sections.  This  committee  devoted  a  large 
amount  of  time  and  attention  to  the  matter  of  Sections  and  Specifica- 
tions for  Steel  Rails.  The  manufacturers  of  rails  claim  that  they  are 
unable  to  make  first-class  rails  of  the  A.  S.  C.  E.  section,  due  to  the 
thin  edge  of  base.  The  American  Railway  Association  committee  ap- 
pointed a  sub-committee  on  Sections  and  Specifications;  the  manufac- 
turers were  represented  on  this  sub-committee,  and  as  a  result  of  ihe 
deliberations  of  the  American  Railway  Association  committee,  a  pre- 
liminary report  was  submitted  to  the  American  Railway  Association 
October  i,  1907.  Accompanying  this  report  were  two  series  of  Pro- 
posed Standard  Rail  Sections :  Series  "A"  designed  to  meet  the  re- 
quirements of  those  who  advocate  a  rail  with  thin  head  and  a  high 
moment  of  inertia,  and  series  "B"  to  meet  the  requirements  of  those 
who  think  that  there  should  be  a  narrow,  deep  head,  with  the  moment 
of  inertia  a  secondary  matter.  These  sections  are  hereto  appended.  It 
is  very  desirable  that  the  members  of  this  Association  give  this  matter 
some  study,  in  order  that  they  may  be  prepared  to  give  their  opinion 
on  a  proper  form  for  rail  section. 

We  think  it  very  desirable  that  all  railroads  unite,  if  possible,  on  a 
single  section. 

The  Amejican  Railway  Association  committee,  in  its  report  of  Octo- 
ber 1st,  submitted  a  statement  of  cardinal  principles  which  should 
govern   the   design   of   a   series   of   rail   sections,    as    follows : 

(a)     There  should  be  such  a  distribution  of  metal  between  the  head 
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and  the  base  as  to  insure  the  best  control  of  temperature  in  the  manu- 
facture of  the  rail. 

(b)  The  percentage  of  metal  in  the  base  of  the  rail  should  pref- 
erably be  equal  to  or  slightly  greater  than  that  in  the  head,  and  the 
extremities  of  the  flanges  should  be  sufficiently  thick  to  permit  the 
entire  section  to  be  rolled  at  low  temperatures.  The  internal  stresses 
and  the  extent  of  cold  straightening  will  be  reduced  by  this  means 
to  a  minimum,  and  at  the  same  time  the  texture  of  the  section  will 
be  made  approximately  homogeneous. 

(c)  The  sections  should  be  so  proportioned  as  to  possess  as  great 
an  amount  of  stiffness  and  strength  as  may  be  consistent  with  securing 
the  best  conditions  of  manufacture  and   the  best   service. 

(d)  The  following  limitations  as  to  dimension  details  •  of  the 
sections   are  considered    advisable    for   the   various    weights    per   yard: 

I.  The  width  of  base  to  be  ^-in.   less  than  the  height. 

II.  The  fishing  angles  to  be  not  less  than  13  degrees  and  not 
greater   than    15    degrees. 

III.  The  thickness  of  the  base  to  be  greater  than  irf  the  existing 
sections   of  corresponding  weight. 

IV.  The  thickness  of  the  web  to  be  no  less  than  in  the  existing 
A.    S.   C.  E.  sections   of  corresponding  weight. 

V.  A  fixed  percentage  of  distribution  of  metal  in  head,  web  and 
base  for  the  entire  series  of  sections  need  not  be  adhered  to,  but  each 
section  in  a  series   can  be   considered   by   itself. 

VI.  The  radii  of  the  under  corner  of  head  and  of  top  and  bottom 
corners  of  base  to  be  as  small  as  practicable  with  the  colder  conditions 
of  rolling. 

VII.  The  radii  of  the  fillets  connecting  the  web  with  head  and 
base  to  be  as  great  as  possible,  for  reinforcing  purposes,  consistent 
with  securing  the  necessary  area  for  bearing  surface  under  the  head 
for  the  top  of  the  splice-bar. 

VIII.  The  sides   of   the   head   should   be  vertical  or   nearly   so. 

IX.  The  radii  of  the  top  corners  of  the  head  should  not  be  less 
than  5^-in.  so  long  as  tlie  wheels  continue  under  the  present  standard 
of  the  Master  Car  Builders'  Association. 

The  principles  (a),  (b)  and  (c),  above  enumerated,  appear  to  your 
Committee  to  cover  the  proper  design  of  rail  sections,  and  are  recom- 
mended for  your  approval.  In  regard  to  "d,"  limitations  as  to  dimen- 
sion details,  we  think  this  might  be  approved  tentatively,  but  not  as 
a  cardinal  principle. 
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Since  October,  1907,  several  mills  have  rolled  rails  substantially  in 
accordance  with  the  new  sections,  both  Series  A  and  B.  It  has  been 
demonstrated  that  these  sections  can  be  finished  in  the  mill  at  a  lower 
temperature  than  the  A.  S.  C.  E.  sections,  and,  therefore,  a  finer  grained 
and  better  wearing  rail  should  be  secured  with  the  new  section.  How- 
ever, great  care  must  be  exercised  at  the  mills  to  see  that  rails  are 
actually  rolled  at  lower  temperatures. 

The  American  Railway  Association  committee  submitted  a  form  of 
report  for  securing  information  in  regard  to  broken  rails.  This  form 
was  referred  to  your  Committee  for  consideration  and  recommendation. 
It  has  been  considered  in  connection  with  other  forms  in  use  and  pro- 
posed, and  we  recommend  a  form  somewhat  different  from  that  sub- 
mitted by  the  American  Railway  Association  for  the  following  reasons : 

(1)  The  desirability  of  keeping  the  si^e  of  the  form  to  that  of 
a  letter  size  sheet. 

(2)  The  majority  of  the  railroads  of  the  country  require  reports 
of  rail  failures  to  be  made  out  by  a  Track  Foreman,  as  he  is  generally 
the  first  on  the  ground  after  a  rail  failure,  and  they  will  have  to 
depend  very  largely  on  him  for  the  information ;  therefore  it  seems 
desirable  to  put  the  questions  in  such  a  way  that  men  of  ordinary 
intelligence  can  answer  them. 

(3)  Certain  questions  were  asked  by  the  blank  submitted  by  the 
American  Railway  Association  committee  which  were  to  be  answered 
by  reference  to  diagrams.  We  believe  it  better  to  have  written  replies 
as  far  as  possible  to  all  questions.  We  have,  however,  made  use  of 
the  diagrams  showing  rail  failures  suggested  by  the  American  Railway 
Association  committee  in  connection  with  the  instructions  on  the  back 
of  the  blank   recommended. 
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CONCLUSION. 

Your  Committee  recommends  the  adoption  of  form  M.  W.  1200 
for  reporting  rail  failures  by  the  railroads  represented  in  the  Associa- 
tion. 

Respectfully    submitted, 

William  R.  Webster,  Consulting  and  Inspecting  Engineer,  Philadel- 
phia, Chairman. 

R.  MoNTFORT,  Consulting  Engineer,  Louisville  &  Nashville  Railroad, 
Louisville,   Ky.,   Vice-Chairman. 

F.  E.  Abbott,  Lackawanna  Steel  Company,   Buffalo,  N.  Y. 

E.  B.  AsHBY,  Engineer  Maintenance  of  Way,  Lehigh  Valley  Railroad, 
South  Bethlehem,   Pa. 

A.    S.  Baldwin,  Chief  Engineer,   Illinois   Central   Railroad,   Chicago,   111. 

D.  D.  Carothers,  Chief  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more,  Md. 

J.   A.   Colby,   Inspecting   Engineer,    Philadelphia,   Pa. 

C.  H.   EwiNG,   Engineer   Maintenance   of  Way,    Philadelphia   &   Reading 

Railway,  Reading,   Pa. 
S.  M.  Felton,  President,  Mex.   Cen.  Ry.,  City  of  Mexico. 
J.   F.   Hinckley,    Cliief   Engineer,   St.   Louis    &   San   Francisco    Railway, 

St.  Louis,  Mo. 
Robert  W.  Hunt,  Consulting  Engineer,  Chicago,  111. 
J.    W.    Kendrick,    Second    Vice-President,    Santa    Fe    Railway    System, 

Chicago,  111. 

E.  F.  Kenney,  Metallurgical  Engineer,  Cambria  Steel  Co.,  Johnstown,  Pa. 
J.  Kruttschnitt,  Director  Maintenance  and  Operation,  Harriman  Lines, 

Chicago,  111. 

D.  W.  LuM,  Chief  Engineer  Maintenance  of  Way,  Southern  Railway, 
Washington,  D.  C. 

F.  H.  McGuigan,  Portland,  Me. 

H.  T.  Porter,  Chief  Engineer,  Bessemer  &  Lake  Erie  Railroad,  Green- 
ville, Pa. 

J.  T.  Richards,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania 
Railroad,  Philadelphia,  Pa. 

R.  Trimble,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania  Lines, 
N.  W.  System,   Pittsburg,  Pa. 

G.  W.  Vaughan,  Eng.  M'.  W.,  N.  Y.  C.  &  H.  R.   R.  R..  New  York. 
H.  U.  Wallace,  Contracting  Engineer,   Chicago,  111. 

G.  B.  Woodworth,  Rail  Inspector,  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way,  Chicago,   111. 

Committee. 
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(A)       APPENDIX    ACCOMPANYING    REPORT    OF    COMMITTEE    ON     STANDARD    RAIL 
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RAIL. 
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PROPOSED  STANDARD  RAIL  SECTIONS 

OF  TmE 

AMERICAN  RAILWAY  ASSOCIATION 
SERIES  A. 
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PROPOSED  STANDARD  RAIL  SECTION 

-     OF  THE 

American   Railway  Association 

SERIES    "B" 


Area  of  Head   2.28  sq.   in.  38.8% 

"      "    Web    1.14   "     "  19.4% 

"      "    Base    2.45   "      "  41.8% 

Total               5.87    "     "  100.0% 

Moment  of  Inertia  13.3"'' 


Section  Modulus  -    Head    5.90"* 
"  "     >''     Base     6.80"3 

Ratio  Periphery  Head  to  Area  Head  2.10 

Web    "       "     Web  4.38 

"  "  Base    "       •'      Base  2.94 

Ratio  Total    "     to  Total       "  2.90 


Calculated  Weight  59.9  Lbs. 
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PROPOSED  STANDARD  RAIL  SECTION 

OF  THE 

American   Railway  Association 

SERIES    "B" 


Area  of  Head  2.76  sq.   in.  40.1% 

"      "   Web    1,34    "      "  19.5% 

"      "   Base    2.79   "       "  40.4% 

Total                6. 89    "      "  100.0% 

Moment  of  Inertia  18.6"< 


Section  Modulus   -   Head     7.79"^ 

Base      8.62"2 

Ratio  Periphery  Head  to  Area  Head  1.99 

Web  "      Web   4.10 

Base  "      Base    2.76 

Ratio  Total      "        to  Total        "  2.72 


Calculated  Weight  70.3  Lbs. 
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PROPOSED  STANDARD  RAIL  SECTION 

OF  THE 

American   Railway  Association 

SERIES    "B" 


Area  of  Head  3.07  sq.  in.  38.8% 
Web  1.54  "  19.5% 
Base     3.30       "         41.7% 


Totai  7.91       "       100.0% 

Moment  of  Inertia  25.1"'' 


Section  Modulus  -   Head    9.38"^ 

Base    11.08"^ 

Ratio  Periphery  Head  to  Area  Head   1.79 

Web  "      Web    3.57 

Base  "      Base    2.72 

Ratio  Total       "  to  Total      "  2.53 


Calculated  Weight  80.7  Lbs. 
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PROPOSED  STANDARD  RAIL  SECTION 

OF  THE 

American   Railway  Association 

SERIES    "B" 


Area  of  Head  3.56  sq.  in.  40.1% 
Web  1.70  "  19.2% 
Ease   3.61       "        40.7% 

Total  8.87       "      100.0% 

Moment  of  Inertia  32.3"'' 


Section  Modulus   -   Head     11. 45"'' 

Base  13.21"-' 

Ratio  Periphery  Head  to  Area  Head  1.68 

Web  "         Web    3.65 

Base  "         Base    2.5S 

Ratio  Total       "       to  Total  "                   2.42 

Calculated  Weight  90.5  Lbs. 
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PROPOSED  STANDARD  RAIL  SECTION 

OF  THE 

American   Railway  Association 


Area  of  Head  3.95  sq.   in.    40.2% 

Web    1.S9        "        19.2% 

"         Base    4.01        "        40.6% 

Total  9.85        "      100.0% 

Moment  ol   Inertia    41.3"'' 


Section  Modulus   -  Head    13.70"^ 

Base     15.74"^ 

Ratio  Periphery  Head  to  Area  Head  1.64 

Web  "        Web    3.60 

Base  "        Base    2.49 

Ratio  Total        "         to  Total     "  2.37 

Calculated  Weight  100.5  Lbs. 


(Submitted  by  American  Railway  Association   Committoo.) 

REPORT  OF  BROKEN  OR  FAILED  RAILS 

'ot  to  include  ordinary  worn-out  rails  or  those  broken  in  accidents.) 


1  Name  of  railroad 

2  Date  of  report 

3  Location  District,  or  Sec.  No. 

4  Between  mile-post and 

5  Mile-posts  numbered ward  from 

0  North  (or  B^t)  or  South  (or  West)  r.ail 

7  Date  failure  was  discovered 

8  By  whom  discovered 

9  Was  the  rail  removed  or  spliced 

10  If  removed,  Rive  date 

1 1  Maker  or  mill 

12  Brand  on  rail 

1.3  Heat  number  on  rail 

14  Rail  number  (see  instructions  on  back  of  this  report).   . 
I.')  Original  weight  of  rail  per  yard 

16  Rail  section 

17  How  much  was  rail  worn?  

18  How  long  in  track  ? 

19  Original  length  of  rail 

20  Was  rail  broken  or  only  defective  ? 

21  If  broken,  how  far  from  the  end 

29  Were  pieces  in  or  out  of  place  when  discovered  ? 

23  Lengths  of  broken  pieces 

24  Present  location  of  broken  pieces 

25  If  broken  at  joint,  state  the  following ; 

(a)  Name  of  joint 

(b)  Number  of  bolt-holes  in  joint 

(c)  Number  of  bolts  in  place 

(d)  Was  joint  insulated  T 

26  State  cause  of  breakage  as  near  as  you  can 


27  If  defective,  state  nature,  location  and  cause  of  flaws  or  defects. 
(See  sketches  below  and  instructions  on  back  of  this  report). 

28  Were  tie-plates  used?    If  so,  what  kind? 

29  Was  rail  battered  at  break? 

80  Was  line  and  surface  of  track  good  ? 

81  Was  break  on  or  between  ties? 

82  Distance,  centre  to  centre,  of  ties,  each  side  of  break 

88  Were  ties  in  good  condition 

84  Kind  of  ballast 

85  Depth  of  ballast  under  cross-tie 

86  Was  ballast  well  dmined  ? 

37  Was  track  properly  filled  with  ballast? 

38  Kind  of  material  under  ballast 

39  On  embankment  or  in  cut  ? 

40  Was  the  ditch  of  standard  depih? 

41  On  curve  or  tangent? 

42  If  on  curve,  state  the  following : 

(a)  Degree  of  curve 

(ft)  Superelevation  of  track 

(c)  Inside  or  outside  rail 

43  Exact  gauge  of  track 

44  Degree  of  temperature  at  time  of  failure 

46  If  broken  under  train,  state  what  train 

46  .Show  direction  of  train    1  \ 

and  number  of  track  S  >  Tracks 

by  arrow-head.  1  i 

47  How  many  freight  trains  use  this  track  per  day  ? 

48  How  many  passenger  trains  use  this  track  per  day? 

49  Average  number  of  cars  per  freight  train 

60  What  accident  (if  any)  resulted  from  broken  rail  ? 


^ 


Battered  End 


End  Breuk 


Split  Head  (center) 


Split  Head  (side) 

TOP  OF  RAIL 

Crack  In  Web 


SIDE  OF  RAIL 


3E 


Split  Base 


BOTTOM  OF  RAIL 


Half  Moon  shaped  Bnak 


1 


Show  by  an  (X)  the  kind  of  brpak,  or  if  rail  fails  in  any  way  not  indicated  on  the  above  sketches,  show,  on  the  diagrams  below, 
the  lines  of  break,  or  partial  fraclure,  or  defects,  giving  dimensions  and  distance  from  end  of  rail  in  all  cases.  If  break  is  neai'er 
"  Receiving  End.*"  draw  pen  through  words  "leaving  end.*"  If  nearer  "leaving  end,"  draw  pen  through  words  "Receiving  End"  below. 
Hollows  in  head  should  be  shown  on  end  section. 


♦  Kefers  to  trai-k  upon  which  the  c 


nt  of  traffic  Is  lu  one  direction,  and  not  to  single  track. 


LJLJULJUUeJl_;LJ 

^^  pw^  pw~^|  p,^  p^  pw*>«  Mwn  Mf^  jfJl^f^ 


«*•><"         W'«'         U»mJ         Lw**         Uwfi'         Ihh*^         UwJ         Uv*I         LwwJ 


Approved : 


(  Assistant  Engioeer. 
I  Engineer  M.  W. 


f  Supervisor. 
)  Roadmaater. 
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INSTRUCTIONS. 

1  The  Supervisor  (or  loadmastev)  must  inspect  all  rails  broken  or  failed,  fill  in  this  report  from  personal  observation,  and  forward  it 

promptly  to  the  Assistant  Engineer  (or  Engineer  M.  W.). 
ij  The  Assistant  Engineer  (or  Engineer  JI.  W.)  will  have  copies  of  this  report  made  immediately  upon  its  receipt  and  send  a  copy  to  each 

of  the  following  officers:    Consulting  Engineer  and  Chief  Engineer  M.  W.     When  the  rail,  or  a  piece  of  it,  is  forwarded  to  the 

laboratory,  an  additional  copy  of  this  report  must  be  sent  to ,  Chemist,  at 

:t  Tlie  term  "rail  number"  in  line  14  on  the  face  of  this  report  refers  to  the  letter  and  number  stamped  on  the  rail  a  few  inches  to  the 

right  of  the  heat  number.    The  "  rail  number"  indicates  the  part  of  the  ingot  from  which  the  rail  was  rolled. 

DESCRIPTION   OF  RAIL   FAILURES. 
When  describing  Failures  of  Rails,  the  following  terms  should  be  used : 
1  Broken  Kail.    This  term  is  to  be  confined  to  tlie  rail  which  is  broken  through,  separating  the  rail  into  two  or  more  parts,  and 
should  be  defined  as  a  square  break  or  angular  break.     A  crack  which  will  soon  result  in  a  complete  break  will  come  under  this 
head. 

3  Split  Eiul  or  Split  HcikI.    This  defect  includes  rails  split  through  or  near  the  centre-line  of  the  head  or  rails  with  pieces  split 

off  the  side  of  the  head.    When  this  term  is  used,  it  should  be  further  defined  by  stating  whether  it  is  or  is  not  accompanied  by 
pipes-or  hollow  head. 
.'!  Mnxlicrt  HciHi.    This  defect  is  indicated  by  a  flattening  of  the  head  and  is  usually  accompanied  by  a  breaking  down  of 
the  head  as  shown  in  the  sketch. 

4  Battered  End  or  Battered  Top.    This  defect  means  a  rolling  out  of  the  metal  on  top  of  the  head  toward  its  sides  without 

any  indication  of  a  breaking  down  of  tlie  head  structure ;  that  is,  the  under  side  of  the  head  is  not  distorted. 
o  Craek  in  'IVeb  or  Craek  Through  Bolt-Holes.    This  defect  is  a  longitudinal  split  along  the  web.  sometimes  starting  from 

the  end  of  the  rail  through  the  bolt-holes. 
0  Broken  Baiie.    This  defect  should  be  defined  as  "  half-moon  shaped  break  in  base," -'end  break  in  base,"  or  "split  base;"  or,  if  of 

other  character,  should  be  described  and  shown  on  lower  sketches  on  the  face  of.  this  report. 


NOTE.— This  blank  form  Is  not  to  be  used  In  reporting  rails  broken  < 
by  letter 


r  damaged  by  accidents  such  as  wrecks,  broken  wheels,  etc.    Such  cases  should  be  reported 


(B)     DISCUSSION    ON    RAIL   BLANKS. 

By   W.    C.    Gushing,    Chief    Engineer   Maintenance    of    Way,    Southern 
System,   Pennsylvania   Lines. 

Referring  to  the  subject  of  Rail  Record  Blanks,  I  send  herewith 
a  complete  set  of  blanks  which  have  been  prepared  for  use  on  the 
Pennsylvania  Railway  System,  both  east  and  west  of  Pittsburgh.  Atten- 
tion is  particularly  called  to  the  description  of  rail  failures  on  the  back 
of  M.  W.  4.43  and  M.  W.  4.432.  Something  of  this  kind  is  very  de- 
sirable, and  in  this  respect  the  blanks  shown  are  more  complete  than 
those  proposed  by  the  Rail  Committee. 

EXPLANATION    OF    BLANKS. 

The  blank  numbers  are  in  the  upper  right-hand  corner.  "P.  L." 
means  Pennsylvania  Lines  West;  "P.  R.  R."  means  Pennsylvania  Rail- 
road East.  When  referring  to  the  blanks  in  the  following  descriptions 
the  Pennsylvania  Lines  West  notation  is  used. 

Such  blanks  as  are  likely,  to  be  duplicated  by  the  blue  print  or  other 
process  should  be  printed  on  sufficiently  thin  and  suitable  paper  for 
the  purpose. 

GROUP  A. 

The  blanks  in  this  group  are  intended  to  show  information  obtained 
at  the  mill  during  the  process  of  manufacture. 

M.  W.  4.427. — Report  of  Chemical  and  Physical  Examination. 

This  combines  in  one  blank  the  information  with  reference  to  the 
particulars  of  rolling,  the  chemistry,  the  drop  test,  the  percentage  of 
crop  from  the  ingot,  and  the  shrinkage  allowance  at  the  saw.  The 
carbon  percentage  will  be  determined  for  every  heat,  and  possibly  the 
phosphorus,  but  it  does  not  follow  that  it  will  be  necessary  to  determine 
the  other  chemical  constituents  for  every  heat;  that  will  be  provided  for 

in  the  Specifications. 

• 

M.  W.  4.428. — Certificate  of  Inspection. 

Certificate  to  the  Railroad  Company  that  the   rails  which  hav«  been 
accepted   conform  to  the   Specifications,   and  at  the  same   time  giving  a 
statement  of  the  rails  which  have  been  rejected  and  the  reason  therefor. 
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M.  IV.  4429. — Report  of  Shipment. 

This  is  the  shipping  bill,  and  is  practically  the  same  as  the  one 
now  in  use  by  Robt.  W.  Hunt  &  Co.,  for  notifying  the  Railroad  Com- 
pany of  rail  shipments.  This  blank  is  important  for  division  officers, 
but  does  not  really  concern  the  Rail  Committee,  except  in  the  case  of 
special    allotments    of   rail   for   trial. 

GROUP   B. 

This  group  forms  the  collection  of  blanks  relating  to  rail  statistics 
which  are  sent  in  by  the  division  officers.  Blanks  used  for  the  Account- 
ing Department  have,  of  course,  nothing  to  do  with  this  collection  of 
blanks  which  is  now  being  considered. 

M.  IV.  4.43. — Section  Foreman's  Report  of  Broken  Rails  Found  and 
Damaged  or  Defective  Rails  Removed  from  Main  Track. 
On  this  blank  will  be  reported  the  complete  detail  relative  to  the 
rail  which  has  failed,  so  far  as  its  location  and  the  known  physical 
conditions  surrounding  it  are  concerned.  On  the  back  of  the  blank  a 
classification  or  description  of  rail  failures  has  been  placed",  as  it  is 
essential  that  such  a  classification  be  made  in  order  to  group  the  fail- 
ures together  for  intelligent  study.  It  has  occurred  to  us  that  possibly 
a  table  can  also  be  put  on  the  back  of  this  blank  for  the  chemical  and 
physical  research  information,  so  as  to  make  the  entire  information  with 
reference  to  a  particular  rail  complete.  Of  course,  this  latter  informa- 
tion would  be  filled  in  after  receipt  by  the  recording  office.  This  classi- 
fication has  been  retained  throughout  all  the  subsequent  blanks  which 
have  been  made  for  tabulating  the   statistics. 

M.   W.  4.432. — Superintendent's  Monthly  Report   of  Rails    Which   Have 
Failed. 
This  blank  is   filled  out  once  a  month  from  the   Section   Foreman's 
reports.    No.    4.43,    and    is    a    blank    for    concentrating    the    information 
obtained  from  those  reports. 

M.  W.  4.44. — Statement  of  Steel  Rail  Existing  in  Main  Tracks. 

This  is  an  annual  statement  made  by  the  Division  Engineer  showing 
the  different  kinds  of  rail  in  the  main  tracks  at  the  end  of  the  year. 
It  is  not  intended  to  be  of  use  to  the  Rail  Committee,  but  is  important 
for  the  permanent  record  of  the  railroad  system. 

GROUP   C. 

This  group  is  intended  for  the  statistical  compilation  of  the  rail 
failures  for  purposes  of  study,  and  will  be  made  out  in  the  office  of  the 
Chief  Engineer  of  Maintenance  of  Way.    Some  of  them  can  be  made  out 
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in  the  office  of  the  Division  Engineer  as  an  additional  check  on  the  work, 
and  it  is  irnportant  that  he  make  out  as  many  of  them  as  possible  so 
that  he   may    study   his   own   rail    records. 

M.  W.  4.4331. — Record  of  Steel  Rail  Failures. 

This  is  a  cover  to  be  used  with  M.  W.  4.433  and  M.  W.  4.435  inside. 

M.  W.  4.433. 

This  blank  will  be  used  to  make  a  general  summary  of  steel  rail 
failures  for  a  number  of  years,  and  should  be  kept  up  for  as  many  years 
back  as  possible.  It  is  intended  to  group  the  rails  under  the  same 
weight  per  yard  and  from  the  same  mill. 

M.   W.  4.435- 

This  blank  is  to  compare  the  different  weights  of  rail,  or  different 
patterns  of  rail,  and  the  product  of  the  different  steel  companies,  the 
same  classification  of  rail  failures  being  retained  as  in  the  previous 
blanks. 

GROUP   D. 

This  group  is  intended  to  report  the  actual  measurements  of  rail 
sections  laid  in  the  track  at  stated  periods  in  order  to  determine  the 
relative  wear  of  rails  of  different  composition  and  manufacture.  In 
order  that  the  use  of  the  blanks  may  be  fully  understood  a  copy  has 
been  filled  out  to  show  the  manner  of  use,  and  is  also  attached. 

M.  W.  4.4411. 

This  is  a  cover  intended  to  contain  M.  W.  4.441,  M.  W.  4.442,  and 
M.  W.  4.443. 

M.  W.  4.441. 

This  is  intended  to  show  in  the  shape  of  a  diagram  the  location  of 
all  of  a  certain  kind  of  rail  which  may  have  been  sent  out  for  trial, 
the  scale  being  one  inch  ^  one  mile.  If  one  sheet  is  not  sufficient,  a 
second,  third,  etc.,  may  be  used. 

M.  W.  4.442. 

This  is  the  location  diagram  on  a  larger  scale  (two  inches  =  one 
mile)  for  reporting  a  single  group  of  a  special  kind  of  rail  under 
observation.  M.  W.  4.441  may  be  likened  to  the  index,  while  M.  W.  4.442 
is  a  special  location  from  the  index. 

M.  IV.  4.443. — Diagram  Illustrating  Wear. 

Each  individual  rail  measurement  made  is  recorded  on  this  blank. 
It  will  save  considerable  labor  by  printing  the  particular  rail  section 
being  studied  right  on  the  blank. 
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oP-. 


Pea'a^sylaiajvia  R.a.ilrol\d  System. 

Rr-  n  c-  Si-ieet  No 

EPofJT   OF  Uhemical  and  rHvsiovL  Examination     _p  Sheets. 

.  Rails^  .  -^, ...  -  .  J^rocess, J  bs  per  yd .  .Section 

tupe-»Heft.— r  .  S•*««-•^©.- o^  Spec  &'  ' 

. .  Works. 


MarujPBctured  by Steel  Co.  at 

For 


.sectxids  at 


Order  No Date  oF  Report .  . 

No  oF  Passes  in  Rolls  .  . Bar  held  on  average  oF. 

Shrinkage  Allowance  at  Saws inches. 

Dislance  between  suopc-^  on  Straightening  Press . 

Weight  oF  Tup _ibs  HeightoFDrop Ft.        Distance  between  Supports  3  Feet 


9-  . 

peae. 


Hea+No 


T  !  Percentage  o*"  C' 

No   or    :  ProTT'  Ingof 

Re.ls    ' 


Mea'         )ng£*5 


No  of     %  from    %  from 


'Co* 


Ta/O  copies  of  f/ti}  fferpcH-f  <»^«  fo  at  ^rt^c^^  sncf 
'     One  ce^f  /i  ^or  eacJt  o/"  fr>e  fo^/ot^tntj  of^/csfj.  - 


Sf^n 


V-,   f^a*'/ Cofr>*ftee. 


I  nspeetor. 
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Pennsyl\2vivia  Kailrqad  Svstem:. 


oe 


CtHTiFiCATC  or  Imbpection. 

;_^_j^ Process  Rails lbs  per /d  .   . 


.Section. 


ManuFactured  by.  .......    ..    - Steel  Co  aK  ..-- ...-.   .Works 

For    ...     . . 


M.-. - lgS;S:.,.r,£"9.neer  Dafe 19. 

The  Pol  lowing   Steel  Rails  Have  been  inspected  and  accepted  according  lo  contract. 
Rails  arc  certiPIed  to  be  wittiinttie  limi+s  of  the  Specifications  oP  ttie  ........ 


and  approv^ed  as  per   details    given  below - 

All    Rails  have  been  mspec+ed  end  approved  For  Chemical  Analysis,  Physical  Testa, 
Section,  Weigttt,  S+raightening.  Drilling,  Sawing, Leng+h,  Stamping,  Finish,  Quality 

All    Rails  are  marked  on  the  web  with  maker's  name,  date  oP  manufacture.  Heat  Number, 
and  position  occupied  in  ttie  ingot 

No.  aP  Rails  Rolled.-    _    _    _   .    .    .  No.  oP  Rails   Accep+ed .__    .. 

No  oP  Rails  temporarily  rejected  and  cause.  ........_...__     __• 


Mo.  oP  Rails  condemned  and  cause 


Hours      W+s       ^Ours    '   Wts 


Trial  weignts 


Kiumoer  o^  Pa  9  zF  eec~  _e^g+^ 


Lengfh 


33         30 


Ceicuia+ec  we'g.it 


3""  csers  Scsie  /ve^gnts 


Total  Pounds  ^ons.        Pounds.      Tcra  ^^ncs  ens  Pounds 


Amount  accep+ed  under -this  Certificate 
Total    amount  aP  Order,  _  . 
Balance  due  on  Order    _   .    .    _     .... 


6A 
7  • 

a- 

10- 

1 1' 

I2M 
IP 
2- 
3- 
4" 
5- 


BP 
7" 
8- 
9- 
10- 
I  I  - 
I2M 

1  A 

2  • 

3  • 
4- 
5  • 


I  nstruo+ions- 
Oi^ff  copy  o^H^fS  C^rtiFicG^  'S  taiscrriB^  oc,^  ancy 


Engineer-  oFTo«ta, 
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Penxsyi3^nia  Railroad  System. 

Report  or   Shipment 
.  ProcoBO  Railsi .  .Ib6  paryd^i. ...  .  .Section. 


(fi|gi>1«qrih,"BwiMmer.'cr'  s'pacMl  )  , 

MonuFocturod  by Stael  Co.  at.  .   . Wprka, 

for. r -  -^  -  •  -  -   -   - 

Consigned   to .  .  , 

Ordar  No. 

Quality  Mo 


□  ate  oF  Report-  . 

Sheet  No. 


^K   - 


.  .   .19 

.Sheefa 


Loadad  on  Cars. 


Number  oF /fei/a  oF  each  Length. 


33      30 


er? 


es 


Shippers  Ueight^. 
Pounds 


2 

a 

4 

a 

6. 
7. 

ai 

8 
10. 
II 
18. 
13 
1 4. 
IS. 
I& 
17. 
IB. 
19. 

eo. 
ai. 
aa 
aa 

24. 
25. 


Totals 


Total  l^/eight  expressed  in  GrossTons  an^ Decimals 


Instr'uctlons. 
S       Onm  copy  la  /br  «fieA  oT  /<V  ra//atj/nf  *rrf'c«^9 

CfHtr  f„ ,  ■  .. 


'nspector 


Approvedi- 


Lngineer  oF  Tefits. 
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Pennsyl;va]via  Railroad  SY^sTE>r. 


SecHon  No. 


Report  of  Rail  Failures 


_  _ Division. 

in  Main  Tracks. 

DafeoP  Report .19. 


34. 


35. 


3& 


Originel  Weighf  per  yard.  ..^_.___..  .Iba 

Rail  Section  ;. 

Brand  on  Rail. ......     ......._ . 

Heat  No  on  Rail 

Rail  No  _ ... 

Length  oF  Roil   .   .   .   , .    . 

Location ft. of  Mile  Post 

State  No  of  Curve.  ...... _.._    _ 

Wtiicti  Track? .    ...........    _. 

On  Curve  or  Straight  Line  ? .  ....--_.. 

High  or  Low  Rail.  iF  on  Curve*  .   ......    .. 

Stafe  Degree  of  Curve  ...._...__    _. 

Superelevation  of  Curve  at  break.  _  ....    .   .   . 

Wore  Tie  Plates  used'.   _   _  ,IFso.  what  kind  .   .  .  . 

Month  and  Vear  Rail  was  laid _    ,    ,     .     _ 

WasRail  Broken, Defective, or  Damaged'.    .     .     . 


Date  and  Time  found 

Was  Rail  Removed  or  Spliced' . ..  .. 

IF  Removed,  give  date.  ...........    ... 

Btete  exact  gauge  of  Track  at  break.  .....    .    ... 

Waa  Rail  much  or  little  worn'.   ........ 

Was  Break  over  or  between  ties '-...._... 

Was  Break  square  or  angular  ',........ 

Distance,  center  to  center  of  tie©,  on  eact^  side 

of  Break  ......... 

Condition  of  Ties  each  side  oFBreak. .  .   .    .    .   . 

Condition  of  Line  and  SurFace. ,  ......    .  .  . 

State  kind  of  Ballast _. 

WasTrack  properly  ballasted   ...__..    _    .    _ 
State  kind  oF  material  under  ballast.  .   .    .... 

WasTrack  well  drained' .    .    . 

Was  roadbed  Frozen'.  _._..     ....__ 


Condition  oF  Weather,  (wet,  dry.  warm  or  cold,  Freezing  or  thawing ).  _    .......    .     ...     .    , 

IP  Break  waeat  Splice,  state  name  of  splice,  number  of  holes,  end  whether  it  was  full  bolted  or 

insulated.. ._,,..,._._........ .     . 

IP  accident  or  detention  to  traina  was  caused  by  break,  ateta  circun-istances-  .   ........ 


If  damaged,  describe  nature  and  cause,  if  known   (  See  Instructions  on  back.). 


IP  deFective,  describe  location  of  Flows  or  defects,  and  IF  possible,  whet  caused  them    (See 
back  of  report  for  description  of   failures.)  ................     ..,.._ 


Drew  on  diagram  LlAes  of  Break,  or  partial  Fracture,  such  a«  long  pieces  Fronn  side  oP  heed,  and 
tialF  moon  pieces  From  beoc,  showing  dirnenstons,"  Hollows  in  head  should  be  shown  on  end 

section.  Defects  may  also  be  indicated  on  diagram  Mark  distanco   From  end  to 

break.  IP  break   is  nearest  'Receiving End',  draw  pen  ttiroughl  words  "Leaving  End 

IF  nearest     Leaving  End  ,  draw  pen   through  words  "^ceiving  End 


n 


n 


rLjiL_irLJi]_a_jri_o. 


u   u   u   u 

37.    State  cause  oP  breakage  as  near  as  you  can       .    . 


u   u   u  u   u 


Approved 


-    —Supervisor  ._.____. 

fnsfrtjc^iom  mnd  Deseytpf/on  of  f»t'/ur«s  on  fyocM 
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Instruc+'ons. 


A         The  Foreman  n!ll  send  fhia  report  hs  ^he  Supervisor  fhe  same  dsL/  the  breax 
IS  discoverod  mrid  m  ihe  case  of  s  d^imacjed  or  defective  r^il,  the  dan  it  is  taken 
out  of  the  trscK. 

.     .,  ,        !■  Jill  I    En9_iri4ser  MofH 

B        The  Supervisor  mil  forward  this  report  direct  to  the  [^^istant Ervirieer 
■fjjj     end  of  Division  to  be  used. 

D.  The  iPail  Number  in  S  C front  page)  nil  I  be  tbund  a  fan  inches  to  the  rigtit  of  the 
l-leai  Number   and  is  marked  nith  aietterofttie  alphabet,  tol/orved be/ a.nurnber,  as 
As,  BA  etc. 

E.  The{^2t'is^nienq'l'n—r  «'"  have  copies  of  this  repori  made    im mediaieli^  upon 
receipt  and  send  a  cx:>pq  fo  each  of  the  fol loning  officers',  Consulting  Engineer 
and  Chief  Engineer  MofH.     H  hen  the  rail  or  s  piece  of  it  is  forr^arded  to  the 
LaboratorL/,  at  Altoona,  an  additional  copy  must  be  mailed  to  Chemis'f, 
Pennsylvania  R.R,  y4l-fxx>na,  f^. 

\ 

Description  oP  Rail  Failures. 

When  describing  Foilurca  oF  Roils,  the  Poll  owing  +c'"'"»  wKould  be  used- 

/     Broken  Rail.  This  term  is  to  be  confmed  to  a  rail  nhich  is  broken  through 

aeparatirig  it  into  tt^o  or  more  parts.  .A  crack  nhicl~i  might  result  m  a  complete 

break   nil  l-oome  under  this  head. 
Z.  DamaQED  .  Under  this  head  nil  I  be  included  all  rails  broken  or  injured 

bci  nrecks,  broken  nheels    or  simi  lar  causes. 
S  fuO^J  OF  Metal.         This  f^erm  means  a  'Roi  ling  out' of  the  mefal  on  top  of  the 
■    head  ■f'onards  its  sides   nithout  there  being  anc/  indical-ion  of  a  breaking 

damn  of  the  head  structure:  that  is,  the  underside  of  the  head  is  not  distorted. 
4.  CrUBHED  Head.  This  term  IS  used  to  indicate  a'Flattening'  of  the  head  and  is 

usual  li^    accompanied  bya  crushing  donn  of  the.  head  as  shonn  in  the  sketch. 


T. 


S  Split  Mead.  This  term  includes  rails  split  through  or  near  the  center 

line  of  the  head  or  rails  nith  pieces  split  off  the  side  of  the  head.  h/her>  this 
i-erm  IS  used,  //  should  be  further  defined  bi/  seating  nhether  //  is  or  /s  not 
accompanied  bL/  a  seam  or  hollom  head 

S   Split   Web.  This   term  is  a  longitudinal  apht  along  the  axis  of  ^eb 

general II/  starting  from  the  end  O'P rail  through)  the  bolt  holes. 

7.    Broken  Base.  This   term  covers  al  l  breaks  in  base  of  rail  and  should  be 

descri  bed  and  1 1  lustra-fed  on  sketches  on  front  page. 
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Instructions 


A       The\'^'i^%*,%';i^^^rH"'\  mil   make  out  three  copies  of  th,3  report  at  the   end  of  the 
month  from    the  Section    Foremans   reports    arid  send  3   copti  fo  each  of  the 
fol lotting  officersi-i^ra^i^^pKi^r^r.tcrlChief  Engineer  It^ofH  and  General  Superintendent 

B.       Mile  Fhst  number  from    {  ^^^*p   J        end  of  Division  /a  be  used 

Description  of  Roil  Failures. 


/     Broken  Rail.  This  ferm  is  l-o  be  confined  fo  a  rail  Hhich   is  broHen 

through,  separating  it  into  tuo  or  more  parts.  A  cracir  yjhich  might  result  in 
a  complele  hreah   t»/i If  come   under   thie  head. 

Z    DamaOED.  Under  f-his  head  mil  be  included  all  rails  brohen  or 

injured  bi^  tvrecHs,  broHen  t^heels  and  similar  causes. 

3  F'lOIk/  OF  Metal.       This  l-erm  means  a  Rolling  out'of  the  metal  on  top  of  the 
head  forwards   Us  sides,  Mithouf  there  being  any  indication  of  a  breatnrxy 
donn  of  the  head  siruciure:  i.e.  the  under  side  of  ihe  head  is  no^  disforled. 

4  C/tuatiEO  Heao.  This  term  is  used  to  indicate      a  flattening  of  the  head  and  is 
usually  accompanied  by  a  crushing  donn  of  the  head  as  shonn  in  the  shetch. 

£  Split  Head.  This  term  includes  rails  split  througn  or  near  the  ceni-er 

line  of  the  head,  or  rails  mth  pieces  splil-  off  the  side  of  the  head.  Hhen  thia 
ferm  is  used  itshould  be  further  defined  bg  stating  nhether  if  is  or  is  not 
accornpanied  bya  seam  or  hoi  Ion  head. 

G  Split  I^EB.  This   ferm  is  a  longitudinal  sp/if  along  ^he  axis  oftveb. 

general  II/  smarting  from  the  end  of  rail  through   l-he  bolt  holes. 

7  BnoKEN  Base.  This    i-erm  covers  all  breaks  in  the  base  of  rail 


PENJVSYiA^?%jfiA.  Railroad  System. 


Statemont  of  Steel  Rails  existing  in  Main  Trecke  of 
Main  Treck 


December  31.  19 


Langfh  in  feot  o/*  Trock. 


fo  la... 


NeuSft'elLaid 
19.... 


No  FI.eOlb.Re.l No  Tons 

■•     "  70  ••     •• ••      ••      

••    "85  ••     •• "      ••     

"     "lOO"     •• "      -     

Column  3  fo  be  U9ed  ^or  eny  apeciaf  ro//,  auah  ms  ^s-ra//cd  or  Seued 

and  ffe-dn//ed  _  Correct- 

Tobeiriodeoufand/bruBrdedbyfhefngmBerMofU.^saoonefforihec/ase _ 

o^fhm  year  am  poasit/m.  iofha  Chief'  Enginaer  M.or  W. 


CnginaerMorW. 
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P.  L.  M.  W.  4.4331 
P.  R.  R.  M.  W. 


PENNSYLVANIA    RAILROAD    SYSTEM. 

Record  of    Steel   Rail    Failures. 

Number  of  Tons  Laid  and  Failures. 

on 

Year   189. .   to  Year   190. . 

Office  of 
Chief  Engineer  M.   of  W. 
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1  i 


o  5 


—  0 

ct  _ 
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«  ,1; 
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03 


i«j 


0    ■>!    ^ 


■"'i.'l''S 


-      £  1  .^ 


Pen:n^sylas\nia  Railroad  Sy 

"~     '     '     '      "     '     'Sya^em  o*-  Railroad- 

Comparative  Number  oP  Failures  oP  Sfeel  Rails  oF  DiTPerenf  S 
rolled    by   dlPPerent   Steel   Companies. 

Record  for  Pen 

STEM 

ecfion  or 

od  ending  _ 

PL.MW.     4 
PRO  M.W. 

Pattern, 

.435 
19      -     - 

5leel  Company  and  Mil/ 
whe^e  Rail  t^os  rallad 

Rail 

ueighl 

oer  yd 

Ibi 

Rail 
Sechan 

Pallern. 

No  of  Tons 
af  fPail 
/aidin 

Tracifs 

K/nd  af  fgi7urG3         •*" 

OggreQBfe  Lcrxyth 

1 

y 

^  'S 

II 

II 

t5 

To  fa/      fercen  - 
m  Tons    Tor\M  Laid 

Carnegie  Sieel  Co. 
Edgar  Thompson  Mill, 

A  sac. 

Illinois  Sfeel  Co. 
Soufh  Chicago  Mill. 

Cambria  Sfeel  Co. 
Uohnslo^n  Mill. 

Penna  Sfeel  Co. 
Sfeel  fan  Mill. 

Maryland  Sfeel  Co. 
Sparrot^sPf.  Mill. 

Lackawanna  /.  &S.Co. 
BuTFalo  Mill. 

Tennessee  Coal 
and  Iron  Co. 
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P    L.  M.  W.  4.4411 
P.  R.  R.  M.  W. 


PENNSYLVANIA    RAILROAD    SYSTEM. 
R Div. 

Rail   Sections 

Showing  Progressive  "W^ear 

of 

and Steel    Rails, 

Laid Removed 

Office  of  Chief  Engineer  M.  of  W. 
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RAIL.  467 

Mr.  Hunter  McDonald.  Chief  Engineer,  Nashville,  Chattanooga  & 
St.  Louis  Railway : — In  reply  to  the  circular  letter  asking  criticism  on 
proposed  reports  for  broken  rails,  I  think  the  report  should  be  so 
drawn  as  to  be  made  out  with  the  least  possible  work,  and,  to  this 
end,  questions  should  be  so  framed  that  they  can  be  answered  simply 
by  underscoring.  The  report  should  cover  broken,  damaged  and  de- 
fective rail.  It  should  contain  instructions  so  that  the  foreman  can 
distinguish  between  a  flaw,  due  to  defect  of  manufacture,  and  one 
laused  by  other  agencies.  They  are  likely  to  report  the  rails  damaged 
by  engines  slipping  and  old  cracks  as  flaws.  It  is  desirable  to  dis- 
tinguish between  flaws,  such  as  cold  clamps  and  pipes  and  cracks  due 
to  brittleness,  bad  maintenance  and  blows  caused  by  defective  rolling 
stock. 

I  do  not  think  the  foreman  should  be  expected  to  report  the  origi- 
nal weight  per  yard.  Often  they  do  not  know  it.  The  full  brand  oi 
the  rail  will  not  only  indicate  to  the  officer  in  charge  the  weight  and 
section  of  the  rail,  but  when  it  was  laid.  Often  the  foreman  does  not 
know  when  it  is  laid.  He  should,  of  course,  report  the  blow  number. 
I  think  the  exact  amount  of  wear  should  be  reported  by  giving  the 
width  and  thickness  of  head  remaining.  I  enclose  a  form  recently  pre- 
pared with  the  above  general  principles  in  view,  which  we  are  using 
pending  the  adoption  of  a  standard  form  by  the  Association.  I  think 
space  should  be  provided  for  remarks  by  the  Supervisor.  It  is  not 
necessary  that  the  foreman  retain  a  copy  of  his  report.  It  is  desirable 
that  the  Supervisor  do  so,  also  that  the  Superintendent  retain  a  copy 
and  that  other  officials  be  supplied.  To  provide  for  this  I  suggest 
that  about  one-fourth  of  the  order  be  made  up  in  pads  of  25  each 
to  be  sent  directly  to  the  foreman  and  the  other  three-fourths  of  the 
order  to  be  made  up  in  bound  book  form  in  the  following  order :  Two 
sheets  perforated  through  the  left-hand  edge,  followed  by  a  third  sheet 
not  perforated,  and  these  books  issued  to  the  Supervisor,  who  will 
make  three  copies  of  the  foreman's  report,  using  carbons,  forwarding 
the  perforated  copies  to  such  officers  as  may  be  designated  and  retaining 
the  unperforated   copy  in   the   book. 

Regarding  the  monthly  report,  the  object  of  all  reports  is  to  ascer- 
tain the  cause  of  broken  and  defective  rails,  to  the  end  that  they  may 
be  remedied.  The  monthly  report  should  be  a  summary  of  the  fore- 
man's report,  with  unnecessary  details  omitted.  All  that  the  manage- 
ment desires  to  know  is  the  kind  of  rail,  the  number  of  breaks  or 
defects,  the  cause  of  same  and  the  name  of  the  manufacturer.  In 
solated  instances  we  have  received  shipments  of  rail  which  cracked 
through  the  drill  holes  almost  immediately  upon  being  placed  in  track. 
Close  e.^amination  showed  that  some  of  these  cracks  existed  before 
the  rail  was  laid,  although  they  had  escaped  the  notice  of  the  inspectors 
at  the  mill.  We  require  that  each  end  of  each  rail  be  struck  a  sharp 
blow  with  a  heavy  hammer  before  being  laid  in  the  track.  Where  a 
number  of  rails  are  damaged  by  broken  wheels  and  badly  counterbal- 
anced engines,  the  foreman  is  instructed  to  report  the  entire  number 
on  one  blank. 
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NASHVILLE,   CHATTANOOGA   AND   ST.   LOUIS   RAILWAY. 

REPORT    OF    BROKEN,    DAMAGED    AND    DEFECTIVE    RAILS. 

(Answer   by   underscoring   where   practicable.) 

Found  at   .  . .    o'clock,    190..,  by 

Address   

In  main  line  near  tel.  pole  No ,  between  M.  P and 

In  side  line  on    track,   near    

In  yard   at    on    track 

Was  it  on  tangent  or  curve? Degree  of  curve Inside  or  outside? 

Distance  from  end  of  rail  to  break, ft inches 

Square    break?     Split    or    mashed    head?     Split    web?     Cracked    base? 
Old   or    new?     Describe 


Weight   per   yard Brand   in    full 

Heat  No.   (Stamped  on  rail  80  pounds  or  over) 

Over  a  tie  or  between  ties?    If  over  a  tie,  was   it   solid  or   swinging? 
If  between  ties,  were  they  solid  or  swinging?    Describe  ballast 


If  worn  badly,  give  width  of  head  on   top and  thickness  of  head 

on  outside.    Describe  any  flaw  noticed 


Was  rail   removed  or   repaired  ? 

I  think  break  was  due  to 

Signed Foreman 

Approved :    Roadmaster. 

Remarks    


RAIL.  469 

Mr.  J.  P.  Snow  (Boston  &  Maine): — I  desire  to  submit  for  the 
consideration  of  the  Rail  Committee  blanks  for  reporting  and  keeping 
defective  rail  records.  Forms  B  and  C  are  intended  to  be  made  up 
and  kept  in  the  office  of  last  resort,  whether  it  be  the  Chief  Engineer 
or  General  Manager.  The  form  marked  B  is  intended  for  a  sort  of 
journal  in  which  the  Section  Foreman's  reports  are  entered  seriatim 
as  received;  each  rail  occupying  one  line.  The  pages  and  lines  are 
numbered,  and  the  day  report  should,  be  endorsed  with  these  numbers 
as  entered,  so  as  to  be  easily  traced.  The  form  marked  C  is  a  sort  of 
ledger  account  with  each  manufacturer  of  whom  rails  are  bought.  The 
reference  to  the  journal  takes  up  considerable  room,  but  this  would 
be  much  less  on  a  printed  page.  Both  forms  should  be  made  up  into 
books,  while  the  field  reports  should,  of  course,  be  in  sheets. 

The  questions  for  the  Section  Foreman  to  answer  should  be  few 
and  simple.  His  report  should  be  transmitted  to  the  Supervisor  the 
same  day  the  defect  is  discovered,  but  the  Supervisor  may  well  hold 
the  reports  a  week  or  more  before  he  transmits  them  to  headquarters, 
unless  it  be  a  case   of  unusual   interest. 

A.    B.   &   C.    R.    R. 

REPORT     OF     BROKEN     AND     D.\MAGED     RAILS     REMOVED     FROM     TRACKS. 

One  of  these  sheets  to  be  filled  out  and  sent  in  for  each  case  of 
broken   or  damaged   rails. 

Section    No Division 

Date 190.     Time  of  Day Temperature 

Direction  and  distance  from  nearest  mile  post feet 

of  Mile  post  No Which  Track Which 

rail Tangent   or   curve On    or   between 

ties If  at  joint  state,  through  which  hole,  if  either 

Last   train   before   discovered 

By    whom    discovered 

Any   accident   or   delay " 

If  a  damaged  rail  is  removed  state  nature  of  damage 

Remarks    

Section  Foreman. 

The  foreman  shall  fill  out  the  above  and  send  this  sheet  to  the  Supervisor 
the  same  day  thg  break  is  discovered,  or,  in  case  of  a  damaged  rail,  the  day 
It  Is  taken  out  of  the  track.  He  shall  take  the  rail  to  his  section  house  at 
once    for    inspection    by    the    Supervisor. 

In  case  the  break  or  damage  was  caused  by  a  wreck  or  other  accident 
describe  the  same  under  "Remarks." 

To  be  filled  out  by  the    Supervisor. 

Brand  on  rail Heat  No Rail  number  stamp 

Original  weight  and  length lbs.   per  yd ft 

When    laid    originally if    relaid,    when. 

Kind  of  break  or  damage How  far  from  end 

Condition  and  kind  of  ties  and  ballast 
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Tic-plates,    if    any 

If  at   end  of   rail   state  kind   of  joint 

Cause  of  break  or  damage •  ■ . 

Remarks     

Supervisor. 

The  Supervisor  shall  fiU  out  the  lower  part  of  this  sheet  after  an  exami- 
nation of  the  rail  personally   or  by  a  competent  deputy;   and  after   making 

such  copies  as  lie  wishes,  forward  it  to  the   

Officer  in  charge  of  Maintenance. 

(On   back    of    report    sheet.) 

INSTRUCTIONS    TO    SUPERVISORS. 

"Brand  on  rail"  shall  cover  all  that  is  given  in  raised  letters  on 
the  rail. 

The  heat  number  is  stamped  in  upright  figures.  The  rail  number, 
if  any,   is   stamped  in   various  ways  on  the  web  by   different  mills. 

"Kind  of  break  or  damage"  shall  be  given  as,  square  break,  crescent 
break,  split  head,  crushed  heads,  laminated  head  or  miscellaneous.  Square 
and  crescent  breaks  shall  be  carefully  distinguished.  A  crescent  break 
starts  from  a  longitudinal  flaw  in  the  base,  generally  leaving  a  sharp 
point  on  the  base  of  one  piece  and  a  corresponding  re-entrant  angle 
on  the  other  piece.  The  break  through  the  web  and  head  is  the 
same    as    in    a    square    break. 

Square  breaks  frequently,  but  not  always,  pass  through  a  bolt 
hole.  They  are  not  generally  square  through  the  rail,  but  are  gen- 
erally straight  across  the  base  in  contrast  to  the  crooked  line  of  the 
crescent  break.  Where  a  crescent  break  occurs  in  one  side  only  of 
the  base,  without  breaking  the  rail  clear  through,  the  rail  shall  be  re- 
moved at  once  and  classed  as  a  rail  broken  with  a  crescent  break. 

Split  heads  generally  leave  one  side  of  the  head  intact.  Crushed 
heads  fail  by  both  sides  of  the  head  crushing  down,  due  to  poor  in- 
terior structure. 

Laminated  heads  shed  strips  of  metal  till  the  heads  are  too  small 
to    be    safe. 

The  miscellaneous  class  shall  cover  all  cases  that  cannot  be  placed 
tinder  the  other  heads.     They  shall  be  fully  described  under  "Remarks." 

Under  "Cause  of  break  or  damage,"  state  regular  traffic,  derail- 
ment, broken  wheel,  wreck,  or  other  cause  as  the  fact  may  be.  It  is 
essential  to  distinguish  clearly  between  rails  injured  under  traffic  and 
those  injured  by  accidents  of  any  kind.  Accidents  should  be  described 
under   remarks. 

"Last  train  before  discovered"  is  to  be  reported  by  the  section 
foreman.  If  the  men  are  at  all  certain  that  the  rail  was  unbroken 
just  before  the  passage  of  this  train  it  is  important  that  the  fact  should 
be  made  plain  by  recording  "Broken  by  this  train"  under  the  above 
heading. 
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By  J.  F.  Hinckley,  Chief  Engineer,  St.  Louis  &  San  Francisco  Railroad 
As  a  matter  of  interest  to  the  members  of  the  Association,  a  memo- 
randum of  report  on  the  action  of  open-hearth  rail  laid  by  this  company 
in  1903  is  attached.  The  report  itself  shows  nothing  out  of  the  ordinary, 
unless  it  is  that  it  indicates  that  a  more  careful  inspection  at  the  mills 
would  have  eliminatel  the  four  rails  that  seem  to  havf  proven  faulty. 
It  might  be  said  that  this  report  has  been  confirmed  by  Resident  En- 
gineers and  Roadmasters,  who  made  the  examination  individually  and 
at  separate  times. 

The  analysis  was  furnished  by  the  Tennessee  Coal,  Iron  &  Railroad 
Company. 

MEMO   OF  REPORT  ON   OPEN-HEARTH    STEEL  RAIL. 

Time. — Rail  laid  in  1903 ;  examination  made  June,  1907. 

Rail.— 85-lb.  A.  S.  C.  E.,  Tennessee  Coal  &  Iron  Company;  30-ft. 
length;  18  ties  to  the  rail.  All  curves  are  tie-plated  throughout  with 
"Goldie"  tie  plates,  ^  in.  thick.  No  tie  plates  on  tangents.  Rail  is 
laid  with  26-in.,  six-hole  plain  angle  bars,  with  ysx4l^-in.  Harvey  Grip 
bolts. 

Alinement. — About  55  per  cent,  of  the  five  miles  examined  is  curved, 
ranging  from  3  to  8  degrees.  Alinement  and  surface  have  only  been 
fairly  well  maintained. 

Ballast. — Ballast  consists  of  slag,  except  in  a  few  places  where 
cinders  have  been  used  to  take  up  settlement  due  to  slides.  The  ballast 
is  only  in  a  fair  condition. 

Traffic. — Traffic  amounts  to  an  average  of  eight  passenger  trains 
daily,  and  about  30  freight  trains.  Four  of  the  passenger  trains  are  fast  • 
trains,  being  handled  until  recently  by  eight-wheel  engines  with  50,000-lb. 
axle  load.  The  freight  traffic  is  very  heavy,  consisting  largely  of  coal, 
pig  iron  and  other  similar  commodities,  where  full  car  loading  is  obtained, 
and  a  considerable  percentage  of  the  cars  in  daily  use  are  of  100,- 
ooo-lb.   capacity,   ordinarily  loaded  to  the   limit. 

Wear. — None  of  the  rails  either  on  tangents  or  curves  show  any 
headwear  whatever.  Outer  rails  on  three-degree  curves  show  side  wear 
of  1-16  in. ;  on  4-degree  curves,  %  in. ;  on  6-degree  curves,  %  •"■  '<  on 
8-degree  curves,  side  wear  ranging  from  J/2  to  5^  in.  The-  inside  rail  on 
all  curves  is  in  a  very  good  condition,  and  shows  no  metal  flow  what- 
ever, except  that  on  a  curve  at  M.  P.  717,  where  there  are  four  rails 
on  inside  of  curve  that  are  badly  metal  flown,  and  also  very  badly  head- 
worn.  The  surface  of  these  four  rails  was  blistered  their  entire  length, 
indicating  that  they  were  defective  in  roll  and  material  when  first  laid 
in  track.  With  this  exception  the  rail  is  in  good  condition,  and  shows 
no  kinks  either  lateral  or  vertical.  On  the  tangents  the  rail  is  in  such 
good  condition  that  it  has  the  appearance  of  having  been  recently  laid. 

The   curves   throughout  the   distances   are   found   to   be  considerably 
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over-elevated,  in  some  cases  having  an  elevation  of  lo  in.  This  is  an 
extremely  hard  test  on  inside  rails,  on  account  of  low  speed  of  up-bound 
freight  trains,  yet  the  rails  do  not  show  any  ill  effects. 

General. — So  far  as  we  can  find  from  the  records,  and  from  em- 
ployes on  the  division,  there  have  been  no  cases  of  broken  rail  with 
this  steel,  except  in  case  of  derailment.  The  present  foreman,  who  has 
been  in  charge  of  this  section  about  eight  months  and  is  regarded  as  a 
good  trackman,  states  that  he  considers  this  rail  to  be  the  best  that  he 
lias  ever  handled  in  track.  He  states  that  he  recently  had  to  cut  a  rail 
in  order  to  get  expansion  on  a  curve,  and  he  found  it  the  toughest  he 
ever  tried  to  cut. 

Analysis  by  Tennessee  Coal,  Iron  &  Railroad  Company  of  heat  No. 
1665,  April,  1903,  from  wjiich  the  four  rails  mentioned  at  M.  P.  717  were 
rolled : 

Carbon    69 

Phosphorus    057 

Sulphur    038 

Manganese     75 


STRENGTH    AND    ENDURANCE    OF    STEEL    RAILS. 
By  James    E.   Howard. 

In  the  use  of  steel  rails,  as  with  other  materials  of  construction, 
interest  is  directed  to  the  subject  of  the  limiting  values  of  applied 
stresses,  their  accurate  definition,  and  how  closely  they  may  be 
approached  with  safety  under  those  conditions  of  service  which  periain 
to  the  specific  uses  of  the  materials  in  question.  In  the  constructive 
arts  may  be  found  examples  of  stetl  exposed  to  dififerent  kinds  of 
stresses,  and  in  varying  degrees  of  intensity,  but  it  is  not  recalled 
where  there  are  instances  of  greater  diversity  of  action  than  witnessed 
in  the  case  of  steel  rails.  The  whole  gamut  of  conditions  are  here 
present,  in  the  same  piece  of  metal,  and  a  feature  of  unusual  occur- 
rence in  the  use  of  steel  lies  in  the  fact  that  the  stresses  are  received 
on  so  limited  an  area  of  contact  at  the  ruiming  surface  of  the  rail 
heads.  The  feature  of  intense  local  pressure  between  the  wheels  and 
the  rail  is  an  important  one,  and  one  which  does  not  admit  of  the 
adoption  of  those  corrective  measures  which  can  be  applied  to  other 
features   of  the    rail   question. 

Tests  have  been  made  on  rails  at  the  Watertown  arsenal  laboratory 
in  earlier  years,  while  at  present  a  series  is  in  progress  which  was 
inaugurated  in  connection  with  the  current  programme  on  ingots  and 
derivative  shapes.  In  the  present  tests  the  laboratory  is  working  in 
co-operation  with  and  aided  by  members  of  this  Association  and  others, 
which  places  beyond  a  doubt  the  fact  that  results  of  great  value  will 
be   attained. 

Referring  to  the  earlier  work  of  the  laboratory,  the  tests  com- 
prised rails  of  domestic  manufacture,  some  of  the  early  English  rails, 
and  an  example  or  two  of  French  and  German  make.  Many  of  these 
had  been  in  service.  Among  the  features  of  interest  developed  by  the 
tests  it  was  shown  that  rails  from  the  track  were  generally  less  tough 
when  loaded  so  that  the  head  was  in  tension ;  in  fact,  they  were  very 
brittle  when  so  loaded,  and  fractured  with  comparatively  little  perma- 
nent deflection.  Upon  planing  off  meial  from  the  running  surface  of 
the  head  the  rail  was  restored  to  a  tough  condition,  and  then  bent 
well    with    either    the    head   or    the    base    on    the    tension    side.     Planing 
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off  ^-inch  of  metal  was  sufficient  to  effect  the  restoration,  but  it  was 
necessary  to  remove  all  of  the  affected  metal,  which  included  some 
from  the  sides  as  well  as  that  from  the  top  of  the  head.  A  restoration 
in  toughness  was  also  accomplished  by  annealing  tlie  rail,  without 
planing  off   any   of   the   metal. 

This  loss  in  toughness  is  due  to  the  flow  of  the  metal  under  the 
wheel  pressures.  It  will,  of  course,  take  place  promptly  and  quite 
easily  in  the  softer  grades  of  steel.  From  this  point  of  view  a  soft 
steel  has  the  disadvantage  of  low  strength  and  is  not  immune  from 
brittleness,  notwithstanding  the  primitive  toughness  of  the  metal.  The 
original  properties  of  such  steel  are  apt  to  be  misleading  and  encourage 
greater  confidence  in  its  ductility  than  is  warranted  by  its  subsequent 
behavior.  It  does  not  follow,  however,  that  the  initially  harder  steels 
will  not  also  become  more  brittle  at  the  running  surface  of  the  head 
of  the  rail,  since  all  grades  of  steel  are  probably  affected  in  this 
manner  by  wheel  pressures  as  they  are  now  used.  It  is  not  known 
whether  present  service  conditions  are  such  as  to  enable  the  metal  at 
the  immediate  surface  of  the  head  of  the  rail  to  retain  its  primitive 
tensile  properties  unimpaired  until  lost  by  abrasion  and  wear.  In  the 
harder  rails  the  depth  of  the  affected  metal  is  thought  to  be  less  than 
in  the  softer  rails,  but  still  of  appreciable  depth  and  influence  on  the 
toughness  of  the  steel. 

The  exhaustion  of  ductility  is  due  to  the  relative  flow  of  the  metal 
of  the  surface  of  the  head  with  relation  to  the  other  parts  of  the  rail, 
and  not  per  se  to  the  high  compressive  stress  between  the  wheel  and 
the  rail.  Other  tests  have  demonstrated  that  high  compressive  stresses 
unaccompanied  by  relative  displacement  of  the  metal  does  not  change 
the  physical  properties  when  subsequently  tested  by  tension.  High 
compressive  stresses  of  this  kind  may  be  applied  in  tests  by  cubic 
compression,  specimens  being  immersed  and  subjected  to  hydrostatic 
pressure,  such  tests  having  l-ecn  made  with  pressure  up  to  100,000 
pounds  per   square  inch. 

Tests  on  alternate  tension  and  compression  have  shown  that  over- 
straining in  either  direction  lowers  the  opposite  elastic  limit;  that  is, 
a  load  of  tension  applied  in  excess  of  the  elastic  limit  has  a  detri- 
mental effect  on  the  compressive  elastic  limit,  materially  lowering  the 
latter  value.  Upon  making  similar  tests  with  steel  rails,  but  loading 
them  transversely  instead  of  by  direct  tension  and  compression,  it  was 
found  that  the  application  of  a  high  load — one  causing  decided  perma- 
nent sets — resulted  in  lowering  the  elastic  limit  of  the  rail  when  it 
was  reversed  in  position  and  loaded  in  the  opposite  direction.  The 
re-examination   of  a   rail    after   the    lapse    of    14  months'   time    failed    to 
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show  a  restoration  of  this  disturbed  state  during  the  interval  of  rest. 
Repeated  reversals  resulted  in  lessening  the  magnitude  of  the  deflection 
sets,  over  the  first  display,  an  effect  which  would  pass  as  a  stiffening 
of  the  rail  in  common  parlance,  although  the  modulus  of  elasticity  of 
the  steel  is  lowered  by  over-straining  of  the  metal.  Heating  the  metal 
to  a  red  heat  effected  a  partial  restoration,  but  did  not  fully  return  the 
rail  to  its  original  condition  as  regards  the  development  of  sets.  The 
effect  on  the  surfacing  of  the  track  from  overloading  a  rail  i.s  appar- 
ent from  these  results. 

Since  the  cold  straightening  of  a  rail  at  the  time  of  manufacture 
is  another  illustration  of  loading  beyond  its  elastic  limit,  similar  results 
to  the  foregoing  are  certain  to  follow.  A  rail  thus  straightened  is  left 
in  a  state  of  initial  strain,  in  equilibrium  when  without  a  load,  but  in 
condition  to  develop  sets  in  the  track  upon  the  reapplication  of  very 
moderate  loads.  The  opposing  internal  strains  augment  the  effects  of 
the  wheel  loads  and  facilitate  early  sets.  Surfaces  of  metal  first  to 
cool  from  higher  temperatures  are  put  into  a  final  state  of  initial  com- 
pression, and  this  tends  to  add  to  the  complexity  of  the  situation  in 
the  case  of  rails. 

The  lines  of  magnetic  scale  which  leave  the  rail  in  the  vicinity 
of  the  gagged  parts  show  where  the  steel  has  been  overstrained 
locally.  Unless  the  metal  is  structurally  unsound  in  the  paths  of  such 
lines,  no  unfavorable  results  would  be  immediately  looked  for  in  con- 
sequence of  the  gagging.  The  number  of  repeated  stresses  and  their 
magnitude  necessary  to  cause  rupture  of  the  steel  would  be  such  as 
to  relieve  anxiety  as  to  the  early  rupture  of  the  rail  from  this  cause, 
although  this  action,  such  as  it  is,  is  a  detrimental  one.  While  -a 
given  effect  is  more  easily  produced  in  a  soft  steel  rail  than  in  a 
hard  one,  on  account  of  the  difference  in  strength,  yet  a  slight  defect 
existing  in  the  hard  metal  is  of  greater  consequence  than  in  the  softer 
metal. 

Seemingly  minor  and  accidental  causes  may  lead  to  early  rupture. 
So  slight  are  some  which  have  located  rupture  (abrasion  of  the  base 
by  a  spike,  an  indentation  of  the  flange  by  a  chance  hammer  blow) 
that  a  larger  number  of  broken  rails  will  be  expected,  provided  service 
conditions  become   more   severe. 

It  affords  aid  in  judging  of  the  cause  of  rupture  to  trace  back  the 
line  of  fracture  to  its  point  of  incipiency.  Fortunately  in  steel  fractures 
this  may  generally  be  done.  A  well-defined  nucleus  marks  the  origin 
of  a  granular  fracture,  from  which  a  fan-like  or  radiant  structure 
diverges.  It  is  usually  possible  also  to  tell  the  order  in  which  the 
fractures  occurred,  when  more  than  one  surface  is  presented,  by  inspec- 
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tion  of  the  fractures  and  noting  their  appearances  as  indicated.  In 
this  way  rail  fractures  might  be  exhibited  in  which  the  first  break 
detached  a  moon-shaped  fragment  from  one  flange,  having  its  origin 
near  the  middle  of  the  base,  which  was  followed  by  a  secondary  frac- 
ture separating  the  other  flange  and  extending  up  through  the  web 
and  then  through  the  head;  fraciures  beginning  at  one  edge  of  the 
flange,  extending  across  the  base  and  thence  through  the  rest  of  the 
rail ;  fractures  beginning  at  a  bolt  hole  and  extending  each  way  until 
the  fracture  is  complete ;  or  fractures  having  their  origin  at  the  running 
surface  of  the  head  and  extending  downward  through  the  rail. 

Service  conditions  and  influences  which  contribute  toward  fracture 
of  the  rail  have  been  mentioned  in  the  preceding  remarks,  and  among 
them  one  of  the  most  important  is  that  of  flow  of  the  metal  under 
the  wheel  pressures.  Whatever  may  be  done  to  strengthen  the  rail  in 
other  respects,  the  fact  still  remains  that  the  load  is  applied  on  a  very 
limited  surface  of  contact.  This  obstacle  is  insuperable  and  imposes 
a  limit  on  the  magnitude  of  concentrated  wheel   loads. 

The  influences  which  have  been  enumerated  tend  to  develop  frac- 
tures in  rails  structurally  sound  and  having  good  physical  properties, 
but  it  is  recognized  that  rails  are  not  always  free  from  structural 
defects,  although  they  may  be  in  possession  of  satisfactory  tensile 
properties.  Some  of  the  structural  defects  are  of  a  serious  character 
and  apparently  have  led  to  a  considerable  number  of  rail  fractures  in 
recent  years.  It  has  been  found  in  a  number  of  rails  examined  that 
longitudinal  streaks  are  present  in  both  the  head  and  in  the  base, 
streaks  of  a  different  color  from  the  adjacent  metal,  as  they  appear 
when  etched  with  tincture  of  iodine.  Some  of  the  streaks  are  several 
feet  long,  others  a  few  inches  or  only  a  fraction  of  an  inch  in  length. 
The  streaks  are  of  different  widths,  from  a  few  hundredths  of  an  inch 
to  upward  of  an  eighth  of  an  inch,  and  not  infrequently  have  a  fine 
hair  line  or  crack  along  the  middle  of  their  width.  The  cracks  are 
commonly  short,  less  than  an  inch  in  length,  and  in  depth  penetrating 
the  metal  but  a  few  hundredths  of  an  inch.  They  are  in  some  rails 
quite  numerous,  and  in  planing  the  metal  away  for  purposes  of 
examination  new  hair  lines  appear  in  succession  as  those  first  in  view 
are  planed  away.  The  steel  fractures,  without  elongation,  when  rup- 
tured by  stresses  applied  at  right  angles  to  the  direction  of  the  cracks. 
That  the  streaks  represent  lines  of  weakness  there  is  hardly  a  doubt, 
and  their  elimination,  if  practicable,  is  desirable  and  would  be  of 
advantage  to  the  rails.  The  development  of  moon-shaped  fractures 
may  be  traced  to  streaks  or  hair  cracks  in  the  rail  at  or  near  the 
surface  of  the  base.  Deep  interest  attaches  to  the  ascertainment  of  the 
causes  of  these  lines  of  structural  unsoundness  or  lack  of  continuity 
and  by  what  means  they   may  be   avoided,   if  such   is  possible. 
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The  presence  of  these  streaks  and  fissures  is  not  a  matter  of  recent 
occurrence.  They  are  found  in  rails  of  early  manufacture,  and  even 
more  pronounced  than  is  generally  the  case  of  rails  of  current  make. 
The  examinations  of  a  number  of  rails  of  early  English  manufacture 
show  streaks  and  fine  cracks  present.  They  have  been  found  in  rails 
of  domestic  make  from  different  mills  and  from  a  sufficient  number 
to  establish  their  universal  character.  It  does  not  seem  to  be  the 
case,  however,  that  all  rails  from  the  same  mill  are  equally  affected. 
There  are  wide  differences  among  them,  although  it  may  be  difficult 
to   find   those   which  are   strictly   sound  throughout. 

It  may  safely  be  said  that  there  is  urgent  need  of  information,  to 
be  developed  in  a  connected  manner  from  the  state  of  the  metal  in  the 
ingot  through  each  successive  stage  to  the  finished  rail.  In.  this  inquiry 
all  the"  metal  from  the  several  ingots  comprised  in  the  series  of  tests 
should  be  available  for  examination.  This  has  reference  to  the  metal 
usually  discarded  from  the  ingot,  and  to  crop  ends  of  the  rails,  which 
should  be  comprised  in  the  tests  as  well  as  the  portions  of  the  ingots 
made  use  of  in  the  rails. 

These  rail  tests  are  comprised  in  the  general  series  on  "Ingots  and 
Derivative  Shapes,"  previously  mentioned,  in  which  the  laboratory  was 
aided   by   a  committee,   the  composition   of  which   is   as    follows : 

Mayor  C.  B.  Wheeler,  commanding  officer  Watertown  arsenal  (ex- 
officio). 

J.   E.   Howard,   Engineer   of   Tests,   Watertown    arsenal    (ex-officio). 

William   R.   Webster,   Consulting  Engineer. 

Edgar  Marburg,  Professor  of  Civil  Engineering  University  of 
Pennsylvania. 

James  Christie,   Consulting  Engineer. 

Dr.   Charles  B.  Dudley,   Chemist  Pennsylvania  Railroad. 

E.  P.    Kenney,    Metallurgical    Engineer    Cambria    Steel    Company. 
J.  P.   Snow,  Bridge  Engineer  Boston  8i   Maine. 

A.  A.  Stevenson,  Superintendent  Standard  Steel  Works. 
S.  M.  Vauclain,  Baldwin  Locomotive  Works. 

F.  W.    Wood,    President    Maryland    Steel    Works. 

Through  the  kindness  of  J.  P.  Snow  a  number  of  lantern  slides, 
which  have  been  prepared  to  illustrate  some  of  the  current  work  of 
the   Watertown   laborator}^   are   presented   herewith. 

DESCRIPTION     OF    SLIDES. 

No.  I.— This  slide  shows  a  portion  of  the  shop  where  Mr.  Howard 
has  done  this  work.  In  the  front  is  the  famous  old  emery  testing 
machine  of  800.000  lbs.  capacity.  There  is  a  latticed  column  in  the 
inachine   arranged    for   a   test  by   compression. 
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No.  2. — This  shows  the  section  of  an  8  in.  x  8  in.  rail  bloom. 
The  spotted  circle  of  darker  marking  will  be  noticed.  This  bloom 
was  reduced  from  an  ingot  about  20  ins.  square.  A  section  of  the 
ingot  was  examined,  but  no  markings  such  as  are  shown  on  the  blooms 
were  brought  out  noon  etching  it. 


Fig.   2 — Cross-section   of  8x8-in.   Rail   Bloom^  Rolled   from   an    Ingot 

20-IN.   Square. 

No.  3. — This  slide  shows  a  subsequent  stage  in  the  reduction  of  a 
portion  of  same   in   the   roughing   rolls. 

No.  4. — This  slide  shows  still  further  reduction  in  the  roughing 
rolls,  the  markings  in  the  cross-section  becoming  a  lillle  more  pro- 
nounced than   in   the   earlier   pass. 
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Fig.  3 — Rail  from  an  Early  Pass  in  Roughening  Rolls^  Rolled  from 
Bloom   Shown  in   Fig.  2. 


Fig.   4 — Same  Rail   as   Shown   in   Fig.   3,    After   Further   Reduction 
IN  Roughing  Rolls. 
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Fig.  s — Finished  Rail  from   Same  Ingot  as   Bloom  and  Pieces  from 

Roughing  Rolls. 


No.  S. — This  is  a  cross-section  of  a  finished  rail  from  the  same 
ingot.  The  familiar  lines  often  witnessed  in  rails  are  shown  on  this 
cross-section.  Nos.  2,  3,  4  and  5  show  progressive  shapes  from  the 
same  ingot. 
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Fig.  6 — Cross-section  of  a  ioo-lb.  Rail,  Showing  Familiar  Markings, 
Brought   Out   by   Etching. 


No.  6. — This  slide  shows  the  cross-section  of  a  loo-lb.'  rail.  The 
familiar  markings  brought  out  upon  etching  are  here  shown  as  in  the 
earlier  slide.  It  was  desired  to  ascertain  how  the  bending  qualities  of 
the  metal  at  these  dark  streaks  and  patches  compared  with  the 
lighter  portions  of  the  metal.  For  this  purpose  a  thin  section  of  the 
rail,  taken  in  cross-section,  was  slotted  off  and  bent  along  the  lines 
of  the   dark   streaks   and   over   the  patches. 
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-Thin    Section   fkum    ioo-lb.   Rail  uf   I'Ig.   7.     Bent   and   Frac- 
tured Along  Dark  Streaks  and  Patches. 


No.  7. — The  results  of  bending  the  thin  section  slotted  off  from 
this  rail  as  above  are  imperfectly  shown  by  the  slide ;  the  reflection 
of  light  not  permitting  a  good  negative  to  be  taken  with  such  a  subject 
as  this.  However,  upon  bending  these  thin  strips  fractures  were  more 
easily  accomplished  over-  the  dark  streaks  and  patches  of  the  metal 
than  over  the  white  portions.  The  section  of  the  web  was  bent  about 
a  vertical  axis  and  rupture  occurred  along  one  of  the  dark  streaks. 
The  edges  of  the  top  side  of  the  base  were  bent  over  where  dark 
blotches  occurred  and  fracture  occurred  in  these  blotches.  The  head 
was   also  bent  about   a  vertical  axis  and   it   ruptured   in   the   dark  lines. 

No.  8. — This  slide  shows  the  web  of  a  rail  in  horizontal  section, 
looking  down  upon  the  central  streak.  The  streak  of  dark  metal 
extended  through  the  depth  of  a  piece  of  web,  which  was  cut  off. 
The  structural  weakness  along  this  dark  streak  was  not  adequate,  how- 


Fig.  8— Web  of  Rail  Showing  Dark  Streak  Along  Middle  of  Width. 
Forked  End  Bent  and  Fractured  Without  Developing  Split 
Along  Line  of  Streak. 
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ever,  to  enable  the  section  to  be  split  along  the  streak.  The  specimen 
was  sawn  into  and  upon  wedging  the  prongs  of  the  fork-shaped  end 
apart  the  metal  fractured  transversely  instead  of  splitting  along  the 
streak.  The  strength  was  therefore  not  so  much  impaired  as  the 
appearance   of  the   streak  would   suggest. 


Fig.  9 — Head  of   ioo-lb.   Rail,   Showing   Streaks   and   Hair-lines. 


Fig.  io — Base  of  ioolb.  Bar,  the  Head  of  which  is  Illustrated  by 
Fig.  9,  Showing  Dark  Hair-lines  Running  Longitudinally  with 
the  Rail.  , 

No.  g. — This  shows  some  streaks  and  hair  lines  on  the  head  of  the 
lOO-lb.     rail.     These     lines     run     longitudinally    with     the     rail.     In     the 
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present  instance  the  rail  was  prepared  by  planing  off  about  1-16  of  an 
inch  from  the  running  service  of  the  head,  smoothing  the  metal  with 
file   and    emery   cloth    and   then    etching   with    tincture    of    iodine. 

No.  10. — This  shows  the  base  of  the  same  rail  shown  in  the  last 
slide.  A  short  section  of  the  base  only  was  prepared  for  this  exami- 
nation. The  dark  lines  in  this  view  run  longitudinally  with  the  rail, 
as  in  fact  all  lines  of  this  class  do  run.  The  finer  lines  which  run  in 
a  crosswise  direction  are  those  which  were  left  by  the  machine  tool 
or  the  file  finish. 

No.  II. — This  slide  was  made  from  a  photograph  of  a  part  of 
the   head   of  the   specimen    which    is   before    you    on   the    table,   which   I 


Fig.  II — Streaks  on  the  Head  of  a  Rail.  Negative  Magnifies  these 
Streaks  2  Diameters.  Dark  Hair-lines  or  Fissures  Along  Mid- 
dle OF  Width  of  Light  Streaks. 

will  explain  lo  you  further  after  the  lights  are  restored.  The  streaks 
here  shown  are  typical  of  the  white  streaks,  which  occurs  so  commonly 
in  rail-steel.  Along  the  middle  of  the  width  of  some  of  these  streaks 
hair-lines  or  cracks  are  evident,  in  which  there  is  plainly  a  separation 
of  the  metal.  In  all  the  white  streaks  that  I  have  examined  with  a 
high-power  microscope  I  have  found  cracks  at  some  points  of  their 
length.  A  well-rfefincd  crack  will  usually  be  found  pinching  out  to 
a  series  of  very  short  cracks,  exactly  in  line,  but  perhaps  only  a  few 
hundredths  of  an  inch  long.  After  these  there  may  occur  clusters 
of  small  holes,  four  or  five  together,  so  small  as  to  be  hardly  discern- 
ible   with    a   magnification    of   200   diameters.     Following  this,    the   white 
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streak  will  be  in  evidence,  looking  under  the  microscope  like  a  pathway 
strewn  with  light-colored  gravel,  not  very  well  spread.  There  will 
frequently  be  seen  clusters  of  white  metal  similar  to  a  .shovelful  of 
gravel  dumped  in  one  place.  At  the  sides  of  the  streak  white  specks 
will  appear  like  the  scattered  gravel  of  a  walk  at  its  edges,  and  at  one 
point  I  observed  a  plume-like  spray  branching  out  from  one  side  of 
the  streak,  looking  for  all  the  world  like  a  shovelful  of  gravel,  spread 
in  a  curved  line  outside  of  the  line  of  a  walk.  The  white  specks  are 
not  rounded  like  gravel,  but  seem  to  be  little  chips,  which  might  be 
cut  by  the  polishing  grit  and   caught  on  the   fibers   of  the   adjacent   steel. 


Fig.  12 — Head  of  a  Landore-Siemens  Rail,  Showing  Streaks  in  Same. 


The  white  metal  looks  as  if  it  was  softer  than  the  ordinary  metal 
surrounding  it.  This  is  not  proved,  however,  but  is  only  an  appear- 
ance. 

No.  12. — This  '  slide  shows  streaks  in  the  head  of  an  early  rail, 
made  by  the  Landore-Siemens  Company.  They  appear  to  be  of  the 
dark  variety.. 

No.  13. — This  shows  the  base  of  a  Landore-Siemens  rail,  the  same 
rail  the  head  of  which  was   shown  by  the  preceding  slide. 

No.  14. — Here  are  shown  streaks  in  another  English  rail  of  early 
make.     This    represents   the  base   of   a   John    Brown    rail. 

A    number    of    rails    have    been    examined    with    reference    to    the 
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presence  of  longitudinal  streaks,  both  in  the  head  and  in  the  base, 
and  the  few  illustrations  which  have  been  presented  may  be  taken  as 
typical  of  the  general  results  of  this  examination.  These  slides  show 
rails  in  which  a  large  number  of  streaks  are  present,  but  it  is  not 
thought  the  gravity  of  some   which  have  been  witnessed   in  other  rails 


Fig.  13 — Base  of  a  Landore-Siemens  Rail,  Showing  Streaks  in  Same. 


Fig.  14 — Base  of  a  John  Brown  Rail,  Showing  Streaks  in  the  Same. 


is  any  less  than  in  those  which  have  been  just  shown.  Streaks  are 
certainly  very  common,  and  while  a  number  of  rails  have  been 
examined  in  which  there  were  very  few,  still  none  have  yet  come  to 
notice  which  are  strictly  free  from  them.  Some  rails  which  had  given 
good  service  and  had  a  good  track  record  had  fewer  streaks  than 
those  which  had  failed  in  service.  The  moon-shaped  fractures  which 
have   been   so   common   of  late   appear    to   have   their   origin    in    streaks 
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of  the  kind  which  have  been   shown  by  the  views  of  the  bases  of  the 
rails   illustrated   in   the   slides   just   shown. 

No.  15. — This  slide  represents  a  fractured  rail,  5-in.,  7S-lb.,  which 
failed  in  the  track  after  nine  years  of  service.  This  fracture  occurred 
before  the  name  "moon-shaped"  had  come  into  use,  but  it  was  evidently 


Fig.  15 — Fractured  5-IN.  75-LB.  Rail,  Broke  in  Track  After  Nine 
Years'  Service.  The  Primitive  Fracture  was  a  Moon-shaped 
Flange  Break,  Followed  by  a  Subsequent  Fracture  Through  the 
Rest  of  the  Rail. 


a  moon-shaped  fracture  which  occasioned  the  failure  of  this  rail. 
A  piece  was  first  detached  from  the  flange,  followed  by  a  second  frac- 
ture through  the  other  flange  and  the  rest  of  the  rail. 
A  radiant  structure  will  be  noticed  in  the  fracture  of  this  rail,  to 
which  attention  is  invited.  The  center  of  radiation  marks  the  origin 
of  the  fracture;  bearing  this  fact  in  mind  it  is  generally  quite  easy  to 
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follow  any  fracture  in  steel  back  to  its  origin,  and  then  not  infre- 
quently the  cause  may  be  judged  of.  It  also  enables  one  to  say  which 
of  the  two  fractures  exhibited  on  the  tnd  of  this  rail  was  the  primary 
one  and  which  the  secondary  one.  The  primary  fracture  was  clearly 
the  one  covering  not  quite  half  the  width  of  the  base.  It  is  doubtless 
well  known  that  after  a  moon-shaped  piece  has  been  detached  the  rest 
of  the  rail  is  liable  to  fracture,  and  the  remarks  pertaining  to  the 
fractures   of   this    rail    conform   to    experience   gained    in   the   track. 
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Fig.    i6 — A   Worn    ioo-lb.    Rail,   Fractured  in   the  Testing   Machine. 
Fracture  Began  at  an  Indented  Spot  at  Upper  Edge  of  Flange. 


No.  i6. — the  rail  was  fractured  in  the  testing  machine.  It  is  here 
illustrated  for  the  purpose  of  showing  how  a  slight  indentation  of  the 
metal  may  locate  fracture  when  tested  to  destruction.  In  this  rail  a 
chance  hammer  blow  had  caused  a  slight  indentation  in  the  upper 
edge,  as  appears  in  the  view  at  the  right  hand  edge  of  the  flange. 
From  this  indentation  the  fracture  of  the  rail  began.  The  radiant 
structure  of  this  fracture  can  be  traced,  although  it  is  more  obscure 
un  the  screen  than  when  seen  on  the   rail  end  itself. 
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No.  17. — Here  are  shown  two  pieces  of  rails,  after  testing.  Both 
tests  were  made  from  the  same  rail,  which  had  been  some  time  in 
service.  The  eflfects  of  wheel  pressures  are  shown  by  the'  flow  of  the 
metal  on  the  sides  of  the  head.  The  tests  show  the  difference  in 
strength,  which  may  be  expected  when  a  worn  rail  is  loaded  with  the 
base  in  tension  or  the  head  in  tension.  The  upper  piece  of  the  two, 
loaded    w^ith    the    base    in    tension,    sustained    a    maximum    fiber    stress 


Fig.  17 — Two  Pieces  of  .a  Wokx  ioo-lb.  R.vil  After  Testing.  Uppek 
Piece,  with  Head  on  Compression  Side,  Bent  21  Degrees  With- 
out Rupture.  The  Lower  Piece,  with  Head  on  Tension  Side, 
Bent  4'/^   Degrees   and  then  Ruptured. 

of  146,700  lbs.  per  sq.  in.;  the  lower  piece,  with  the  head  in  tension, 
ruptured  with  fiber  stress  of  110,900  lbs.  per  sq.  in.  The  lower  piece 
deflected  only  41/2  degrees  and  ruptured,  whereas  the  other  piece  bent 
21  degrees,  the  test  being  discontinued  without  rupture.  This  illus- 
trates what  was  said  in  the  paper  about  the  serious  damage  to  the 
rail    from   flow   of   metal   under   wheel   pressures. 
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No.  i8. — This  slide  is  intended  to  show  a  rail  in  which  the  running 
surface  of  the  head  has  been  seriously  affected  by  the  skidding  of 
engine    wheels.     The    effect    of    the    drivers    was    to    cause    flow    of    the 


Fig.  i8 — Showing  Rail  in  which  Running  Surface  Has  Been  Caused 
TO  Flow  by  Skidding  of  Engine  Wheels. 

metal  of  the  head,   and  also  cause  the  development  of  transverse  frac- 
tures at  the  corners  of  the  head. 
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Fig.   19 — Several  Fractures  in  the  Head  of  a  Roughened  Rail,  as 
Incipient  Cracks,  Due  to  Wheel  Effects  on  Running   Surface. 
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No.  19. — The  slide  which  is  now  upon  the  screen  shows  a  number 
of  fractures  of  the  head  of  this  roughened  rail,  and  the  incipient 
cracks  due  to  the  effect  of  the  wheels  are  shown  by  the  dark  spots 
at  the  corners  of  the  running  surface.  The  gravity  of  such  incipient 
cracks  in  the  head  of  a  rail  will  be  appreciated  by  all..  They  appear  to 
indicate  the  limit  of  heavy  loads  for  rails  made  of  carbon  steel. 

No.  20. — This  slide  shows  a  view  of  a  rail  from  the  under  side, 
illustrating  a  moon-shaped  fracture,  which  was  made  in  the  testing 
machine.  It  was  just  beyond  one  which  had  been  caused  in  the  track. 
The  base  of  this  rail  showed  characteristic  streaks,  such  as  were  pre- 
viously  illustrated. 

No.  21. — This  represents  a  piece  of  rail  which  has  been  planed 
down  in  successive  steps,  for  the  purpose  of  showing  the  presence  of 
streaks  at  different  depJis  in  the  head.  It  is  from  a  photo  of  the 
specimen  on  the  table.  The  l)ase  of  this  rail  was  also  examined  and 
a  section  of  the  flange  subjected  to  cross-bending,  the  cross-bending 
resulting  in   a  brittle   fracture   along   the   line   of   a   streak. 

Figs.  22  and  23  are  views  of  the  interiors  of  two  ingots  of  boiler 
plate  steel  described  by  Mr.  C.  L.  Huston  in  a  paper  before  the  Ameri- 
can Society  for  Testing  Materials  at  their  annual  meeting  in  1906.  The 
zone  of  gas-holes  occurring  between  the  quickly  cooled  outside  shell  and 
the  more  slowly  cooled  interior  of  the  ingot  is  here  well  shown.  Most 
of  the  gas  holes  in  these  ingots  may  he  called  deep-seated.  Their  great 
number   is   of  interest. 

Mr.  J.  P.  Snow : — I  hand  you,  gentlemen,  two  specimens  cut  from 
the  base  of  a  rail  and  broken,  in  the  laboratory,  along  a  line  parallel 
to  the  length  of  the  rail.  The  larger  one  shows  a  characteristic  defect 
which  I  call  a  "gas  seam"  and  the  smaller  a  defect  of  a  somewhat 
different  appearance  that  I  call  a  ''rolling  flaw."  The  gas  seam  of 
the  larger  specimen  is  very  straight,  its  plane  is  at  right  angles  to  the 
lower  surface  of  the  base,  or  vertical  when  the  rail  is  upright,  and, 
although  it  follows  along  the  surface  of  the  base  at  one  end,  it  falls 
back  into  the  body  of  the  meial  as  it  pinches  out  at  the  other  end. 
Its  surface,  for  a  portion  of  its  length,  looks  somewhat  granulated, 
as  though  it  has  been  originally  weakly  stuck  together  and  torn  apart 
when  the  fracture  was  produced.  This  -appearance  is  similar  to  that 
of  a  surface  from  which  solder  has  been  torn.  The  surface  is,  how- 
ever, plainly  a  seam  face  and  not  a  fracture  like  that  of  the  surround- 
ing  steel. 

The  rolling  flaw  of  the  smaller  hand  specimen  has  a  markedly 
different  appearance.  The  seam  is  slightly  crooked,  although  in  general 
parallel  to  the  rolling ;  its  plane  is  inclined  to  the  base,  its  surface  is 
slightly  fluted  and  it  is  smooth,  somewhat  like  a  rolled  surface.  More- 
over,  it   does   not    depart    from   the   surface   of   the   base.     These   differ- 
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Fig   2(^View  from  Under  Side  of  Rail,  Showing  Moon-shaped  Frac- 
ture, Made  in   Testing   ?*Iachine. 


498 


RAIL. 


Fig.  21 — Section  of  Rail  which  Has  Been  Planed  Down  for  Purpose 
OF  Showing  Streaks  at  Different  Depths.  Upon  Cross-bending 
THE  Flanges  Broke  Along  Line  of  Streak. 
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ences   are   important   and  will   be   reverted   to   when   I   come  to   discuss 
their  effect  and  origin. 


Fig.   22.  • 

I   have   on  the   table   the   original   of   the   last  view    shown   on   the 
screen.    It  is  too  heavy   to  hand  around,  but  you  can  see  that  it  has 
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been  planed  into,  as  was  represented,  both  on  the  head  and  on  the 
base.  The  head,  base  and  ends  have  been  polished.  About  5  ins.  of 
the  head  at  one  end  has  been  planed  just  enough  to  cut  away  the 
crown  and  a  photograph  of  this  portion  was  shown  on  the  screen  as 
slide  No.  11.  This  shows  characteristic  white  streaks.  As  the  metal 
is  planed  away  to  successive  depths  we  find  that  the  white  streaks 
grow  less  frequent,  till  at  a  depth  of  half  an  inch  none  are  seen. 
Upon  etching  the  lower  plane,  however,  we  find  a  large  number  of 
dark  streaks.  It  is  interesting  to  note  that  the  white  streaks  showing  in 
the  shallow  cuts  are  not  in  line  at  dififcrent  depths ;  this  shows,  as  stated 
in  the  paper,  that  they  are  limited  in  depth  and  that  they  are  dissemi- 
nated throughout  the  metal  in  the  zone  in  which  ihey  occur.  In  this 
rail  their  zone  appears  to  be  at  the  surface  and  from  ^-in.  to  ;/2-in. 
into  the  metal.  The  base  shows  a  sequence  of  phenomena  similar  to 
the   head. 

The  two  hand  specimens  tiiat  I  have  explained  to  you  were  cut 
from  the  base  of  this  piece  of  rail  and  the  smaller  one  shows  a  char- 
acteristic rolling  tiaw,  hence  this  rail  contains  at  least  three  different 
classes  of  streaks  and  flaws ;  and  it  is  probable  that  the  dark  streaks 
can  be  classed  under  two  or  more  varieties. 

The  exhibits  shown  on  the  screen  and  these  specimens  show  the 
great  lack  of  homogeneity  of  our  rail  steel.  Each  and  every  one  of 
these  streaks  is  a  line  of  weakness ;  and  when  the  actual  cracks  and 
fissures  incident  to  these  streaks  are  closely  exammed  it  ceases  to  be 
remarkable   that    rail   failures  occur. 

The  white  streaks,  very  generally,  have  a  manifest  crack  or 
fissure  in  the  metal  exactly  on  their  center  lines.  Sometimes  these 
are  large  enough  to  be  plainly  visible  to  the  unaided  eye.  Magnifica- 
tion shows  them  to  exist  at  some  point  of  all  white  streaks  so  far 
examined  by  me.  It  is  somewhat  remarkable  that  these  streaks  are 
almost   indistinguishable   on    the   cross-section    of   the    rail. 

The  dark  streaks  are  generally  wider  and  not  so  definite  in  their 
outlines  as  the  white  streaks,  but  they  penetrate  the  metal  more  deeply 
and  show  plainly,  when  etched,  in  cross-section  as  round  spots,  streaks 
and  blotches,  as  appears  on  slide  No.  6.  There  are  apparently  several 
kinds  of  dark  .?treaks.  They  differ  in  color  and  appearance.  They 
are  generally  solid,  although  occasionally  a  void  will  occur  in  them 
looking,  not  like  the  characteris'.ic  fissure  of  a  white  streak,  but  more 
like  an  irregular  vacancy  in  a  stone  geode.  The  streaks  shown  in 
slide  13  appear  to  be  ditiferent  from  those  of  6.  Some  dark  streaks 
are  light  brown  and  some  much  nearer  black.  There  is  undoubtedly 
a   difiference   in   their   chemical  composition. 

Rolling  flaws  in  rails  are  the  same  as  the  defect  called  "snakes"' 
in    rolled    plates.      Some    are    sufficiently    open    to    allow    of    oxidation, 
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others  are  quite  close  and  present  a  bluish  surface  like  mill  scale 
when  opened  up.  Frequently  they  can  be  detected  on  the  base  of  a 
rail  as  a  line  more  or  less  distinct  rmining  nearly  parallel  to  the  axis 
of  the  rail.  Sometimes  these  flaws  weaken  the  metal  so  much  that 
a  side  of  the  base  will  drop  off  before  the  rail  is  laid  in  the  track. 

As  to  the  effect  of  these  defects  upon  rails  in  service :  The  rigid 
roadbeds  caused  by  the  unusually  cold  winter  of  1906-07  developed 
weak  rails  in  unprecedented  numbers,  and  a  large  majority  of  the 
resulting  breaks,  in  New  England  at  least,  were  base  fractures  of  the 
crescent  type  or  their  derivatives. 

In  all  of  the  rails  that  I  have  examined,  broken  in  this  way,  the 
fracture  started  from  a  longitudinal  flaw  near  the  center  of  the  base, 
and  burst  out  to  the  edges  of  the  flange  in  a  sort  of  conchoidal 
curve,  having  a  cusp  point  on  one  part  of  the  broken  base  and  a 
corresponding  re-entrant  angle  oftentimes  prolonged  by  a  split  follow- 
ing the  seam  on  the  other.  Sometimes  one  side  only  of  the  base 
breaks  out,  producing  a  truly  crescent  or  half-moon-shaped  piece. 
When,  however,  the  rail  breaks  clear  through,  the  web  and  head  are 
fractured  exactly  the  same  as  in  square  breaks.  Slide  No.  15  shows 
a  typical  break  of  this  class. 

The  longitudinal  flaws  from  which  these  breaks  commence  are  of 
all  sizes,  from  the  minutest  speck  to  a  visible  seam  many  feet  long. 
I  believe  that  the  class  of  defects  which  I  have  here  called  rolling 
flaws  are  responsible  for  far  more  breaks  than  gas  seams.  A  few 
breaks,  however,  that  I  have  examined  start  from  flaws  that  appear  to 
resemble  surface  gas  seams.  The  older  rails  examined,  while  they 
show  a  plenty  of  light  and  dark  streaks,  do  not  exhibit  these  rolling 
flaws.  This,  apparently  accounts  for  the  absence  of  crescent  breaks 
in  the  older  rails. 

Pieces  may  be  easily  broken  from  the  bases  of  rails  affected  with 
either  class  of  these  defects,  by  standing  them  base  up  and  striking 
them  with  a  hammer  on  the  side  of  the  base.  Sometimes  a  single 
blow  will  break  out  a  crescent,  but  generally  several  blows  are  re- 
quired.    A   sound   rail  cannot   easily  be  broken   this   way. 

On  a  freshly  fractured  edge  of  a  specimen  affected  with  gas 
seams  longitudinal  defects  show  very  plainly  as  silvery  patches  in  the 
midst  of  the  surrounding  gray  silky  mass  of  the  steel.  These  seams 
are  described  and  shown  in  a  paper  by  Mr.  Robert  Job  before  the 
New  York  Railroad  Club.*  Mr.  Job  was  there  discussing  nickel-steel, 
and  he  attributed  the  seams  to  undistributed  nickel,  but  the  same 
defects  are  found  in  many  cases  of  carbon  steel.  A  fresh  break  from 
a  very  bad  rail  of  this  class  shows  a  seamy  surface,  indicating  a 
cleavage  almost  as   free  as   a  pine  board. 


•Proceedings   of   the   New   York   Railroad  Club,  p.  514,  November,  1906. 
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The  explanation  of  crescent  breaks  seems  evident.  A  rail  is  sup- 
posed to  be  supported  by  the  tie  uniformly  across  the  width  of  its 
base.  The  load  comes  to  the  center  of  the  base  through  the  web. 
These  forces  produce  a  moment  tending  to  split  the  base  longitudinally. 
If  the  metal  is  sound,  the  strains  set  up  are  not  great  enough  to 
produce  fracture  or  even  distortion;  but  if  the  base  is  full  of  in- 
cipient seams,  fracture  will  naturally  follow.  The  fiber  strain,  pro- 
duced by  the  moment  referred  to,  is  greatest  at  the  center  of  the 
base.  We  find  most  of  the  fractures  starting  from  the  center  or  just 
under  the  side  of  the  web,  and  although  microscopic  examination 
shows  us  that  there  are  seams  across  the  whole  width  of  the  base 
and  throughout  the  metal  of  the  base,  it  is  the  seams  near  the  center 
that  determine  the  fracture.  It  is  well  known  that  a  slight  flaw  in  the 
surface  of  steel  greatly  facilitates  fracture.  How  then  can  we  antici- 
pate anything  but  failure  when  we  have  a  vertical  or  nearly  vertical 
open   longitudinal    seam   coupled  with   a   force   tending  to  open   it? 

The  splitting  of  the  heads  of  rails,  due  to  a  longitudinal  fracture 
at  or  near  the  center  of  the  head,  is,  I  believe,  due  to  the  same 
causes  that  produce  flange  breaks.  Such  seams  in  the  heads  of  the 
finished  rails  will  occur  as  vertical  flaws  in  or  just  under  the  skin 
at  the  top  of  the  head.  The  actions  of  the  wheel  load  and  web 
support  are  the  same  as  explained  above  in  the  case  of  the  base,  ex- 
cept the  lever  arm  producing  the  moment  is  much  less.  The  little 
'flaw  works  downward  under  the  vibration  and  blows  from  the  wheels 
and  finally  the  side  of  the  head  drops  off.  These  failures  are  some- 
times due  to  pipes  and  many,  I  believe,  are  wrongly  so  diagnosed. 
Gas  seams  or  rolling  flaws  in  the  head  are  abundantly  sufficient  to 
work    this    mischief    under    heavy    rolling    stock. 

Dark  streaks  are  lines  of  weakness  as  stated  in  the  paper  and  as 
shown  by  slide  No.  7.  Undoubtedly  they  lead  to  the  crushing  of  the 
head  and  corners,  as  well  as  to  rapid  wear  of  the  head.  They  show 
prominently  in  cross-section  and  have  been  extensively  illustrated  and 
discussed.  Mr.  Robert  Job,  in  a  paper  read  before  the  Society  for 
Testing  Materials,  in  June,  1905,  showed  the  serious  effects  of  this 
class  of  unsoundness.  It  is  worthy  of  note  in  connection  with  sug- 
gestions below  that  Mr.  Job  claims  in  this  paper  that  unsoundness 
does  but  little  apparent  injury  if  it  does  not  occur  within  one-half 
inch  of  the  surface  of  the  metal.  He  claims  also  that  unsoundness 
of  the  steeel  due  to  blowholes  causes  more  failures  of  rails  than  segre- 
gation   streaks. 

To  sum  up  the  defects  discussed  herein  and  illustrated  in  the 
paper,  we  have  — 

(i)  White  streaks,  called  "ghost  lines"  by  European  engineers, 
with   their    accompanying    fissures,    which    I    call    gas   seams. 

(2)  Dark  streaks,  which  Mr.  Job,  with  apparently  good  reason, 
ascribes    to    segregation. 
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(3)  Seams  in  the  surface  of  metal  that  I  denominate  rolling 
flaws. 

In  view  of  the  fact  that  in  all  of  the  crescent  breaks  which  I 
have  examined — and  that  is  a  good  many — it  has  always  been  possible 
to  discover  a  n^^xnifest  flaw  from  which  the  break  started,  and  from 
the  fact  that  Mr.  Howard  in  his  paper  claims  that  this  class  of  breaks 
are  due  to  seams  which  are  in  the  rails  when  they  leave  the  mill,  I 
claim  that  the  case  is  fully  proved  that  flange  breaks,  and  perhaps 
split  heads  and  shelly  corners,  are  due  to  incipient  flaws  existing  in 
the  rails  when  purchased.  It  is  a  remarkable  fact  that  the  rail  tests 
prescribed  in  our  specifications  do  not  in  any  way  tend  to  develoo 
these  defects.  I  wish  to  recommend  that  tests  be  prescribed  which 
will   show   whether  or  not   these   flaws   exisl. 

So  much  for  the  observed  fractures  and  the  structure  of  the 
metal.  Now  what  causes  these  seams  and  how  can  we  prevent  them? 
It  is  claimed  by  some  that  they  are  the  result  of  the  fracture ;  but 
this  is  certainly  not  so,  because  their  sides  are  true  scam  faces  and,  by 
no  possible  construction,  fractured  surfaces.  Moreover,  they  can  be 
found  very  numerously  in  rails  many  feet  from  the  break.  Others 
claim  that  they  are  caused  by  the  improper  application  of  the  gag  in 
the  straightening  process ;  but  the  appearance  of  the  sides  of  these 
seams,  after  fracture,  proves  them  to  have  been  in  exisience  when 
the  rails  left  the  rolls.  Laps  or  folds  during  rolling  would  account 
for  seams  at  the  surface,  but  can  hardly  be  charged  with  producing 
those  in  the  interior  of  the  metal.  Shrinkage  checks  in  the  skin 
of  the  ingois,  or  surface  breaks  in  the  blooms,  which  used  to  be 
chipped  out,  but  are  not  now,  would  seem  to  account  for  the  seams 
wholly  on  the  surface,  here  called  rolling  flaws,  and  I  believe  that 
they  are  so  caused.  Interior  seams,  however,  that  can  be  found  in 
countless  numbers  by  the  aid  of  a  microscope  in  most  of  our  de- 
fective rails,  cannot  be  so  caused.  High  sulphur,  which  has  been  sup- 
posed to  produce  micro-flaws,  may  be  charged  with  the  trouble.  It 
is  possible  that  sulphur,  in  conjunction  with  an  excess  of  manganese, 
forming  sulphide  of  manganese,  is  the  guilty  agent.  Incipient  local 
segregation,  occurring  just  as  the  metal  solidifies,  producing  points 
high  in  metalloids,  approaching  slag  in  their  composition,  may  account 
for  the  white  streaks,  which  seem  to  have  a  close  kinship  to  the 
seams  under  discussion,  but  it  seems  to  me  that  the  most  probable 
cause  of  these  seams  is  gas-bubbles  in  the  ingot.  It  is  well  known 
that  when  steel  solidifies  in  the  mold  a  zone  of  gas-bubbles  generally 
forms  a  short  distance  inside  the  skin  of  the  metal.  This  is  com- 
mon to  both  Bessemer  and  open-hearth  steel.  Mr.  C.  L.  Huston,  in  a 
paper  published  in  the  1906  Proceedings  American  Society  for  Test- 
ing Materials,  illustrates  this  phenomenon,  and  Prof.  H.  M.  Howe 
and  Mr.  E.  Von  Maltitz  have  discussed  it  quite  fully  before  the 
American   Institute  of  Mining   Engineers. 
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It  is  well  known  that  steel  will  not  weld  at  any  heat  much  be- 
low incipient  fusion.  If,  then,  the  ingot  is  not  at  this  heat  when 
rolling  is  commenced,  the  gas-bubbles  must  be  long  drawn  out  in  the 
direction  of  the  rolling  and  flattened  into  seams  lying  in  planes 
parallel  to  the  axis  of  the  rolls ;  which,  in  the  case  of  rails,  will  be 
vertical  when  the  rail  is  upright.  Here,  then,  we  have  a  rational 
cause  for  the  observed  fissures  accompanying  white  streaks.  As 
they  appear  to  be  caused  by  gas-bubbles,  I  call  the  resulting  seams 
gas   seams. 

A  gas-bubble  may  be  very  near  the  surface  of  the  metal  and  may 
burst  out  in  the  soaking  pit  or  at  the  first  squeeze  in  the  rolls,  and 
at  times  they  form  on  the  outside  and  extend  inward,  as  though 
made  by  tree  borers.  When  these  are  rolled  out  they  must  naturally 
assume  the  form  shown  by  the  flaw  on  the  larger  of  the  hand  speci- 
mens among  you.  Interior  bubbles  must  become  vertical  interior 
seams,  such  as  have  been  found  by  planing  to  different  depths  in 
the  rail  before  3'ou.  The  absence  of  light  streaks  and  fissures  in  the 
deeper  cuts  is  significant.  The  zone  of  bubbles  in  the  ingot  corre- 
sponds with  the  zone  of  light  streaks   found   in  the   rail. 

The  genesis  of  rolling  flaws  appears  to  me  to  be  as  plain  as  that 
of  the  gas  seams.  With  the  modern  heavy  reductions  in  the  blooming 
rolls  it  is  well  known  that  tears  occur.  In  plates  with  cross  rolling 
in  the  early  passes  these  tears  become  snakes.  In  rails  they  are,  of 
course,  parallel  to  the  rolling,  but  slightly  crooked.  The  frequent 
inclination  of  their  planes  to  the  surface  is  probably  a  feature  of  the 
direction  of  the  original  tear,  and  their  fluted  appearance  is  a  relic 
of  the  roughness  of  the  tear.  The  freedom  of  old  foreign  rails  from 
rolling  flaws  is  due,  no  doubt,  to  the  more  gentle  reductions  in  the 
rolling  mill. 

I  hold  that  rolling  flaws  cause  more  flange  breaks  than  all  other 
causes.  If  the  plane  of  these  flaws  could  be  made  parallel  to  the 
surface,  as  occurs  on  the  top  of  the  base  near  the  web,  their  effect 
would  not  be  so  vicious.  Rolling  the  base  on  a  Gray  mill  would  tend 
to  this  result ;  and  treating  the  ingots  and  blooms  so  that  no  tears  shall 
occur,   would   entirely   obviate   the   difficulty. 

Mr.  Von  Maltitz,  Metallurgical  Engineer  Illinois  Steel  Company, 
in  his  paper  on  blowholes  in  steel  ingots,  before  the  Toronto  meeting 
of  the  Institute  of  Mining  Engineers,  says  very  much  of  interest  on 
the  harmful  effects  of  blowholes  and  surface  cracks  and  specifies  five 
sensible  means  of  their  prevention   as   follows : 

(i)  Medium  temperature  of  the  heat  during  the  last  period  of 
the  process  in  the  converter  or  open-hearth. 

(2)  Careful  avoidance  of  overblowing  or  over-oreing  of  the  heat; 
careful   boiling-out   of   the   last   portion   of   ore   added    to   the  bath. 

(3)  A  finishing  slag,  not  too  rich  in  oxygen  and  having  the 
proper   degree   of   fluidity. 
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(4)  The  destruction,  by  stirring  the  heat  before  tapping,  of  the 
ferrous   oxide    formed. 

(5)  Addition  of  sufficient  deoxidizing  material  to  the  heat,  and 
the  allowance  of  sufficient  time  for  the  complete  separation  of  the 
manganese  protoxide,  silicate  of  manganese  or  alumina,  thus  formed, 
into  the  slag. 

Segregation  must  always  be  reckoned  with.  It  is  a  natural  con- 
sequence of  the  freezing  of  steel.  Prof.  H.  M.  Howe  discusses  meth- 
ods of  restraining  it,  but  no  very  reliable  system  of  absolute  control 
is  suggested.  It  certainly  seems  reasonable  to  prescribe  methods  of 
rolling  that  will  put  the  metal  affected  by  segregation  in  the  parts  of 
the  rail  where  it  will  do  the  least  harm.  Mr.  Job,  in  the  paper  re- 
ferred to  above,  shows  that  this  part  is  in  the  base.  Two  methods 
of  rolling  occur  to  me  that  will  carry  the  segregation  to  the  base  and 
lower  part  of  the  web  in  the  finished  rail.  First,  to  throw  down  the 
ingots  so  they  will  lie  in  the  soaking  pit  horizontally;  and  then  to 
control  the  turns  so  that  the  base  of  the  rail  will  l)e  formed  from 
the  top  side  of  the  ingot  as  it  lay  while  solidifying.  Second,  to  roll 
the  ingot  to  a  slab  about  twice  as  wide  as  it  is  thick  and  split  it  inlo 
two  square  billets  by  cutting  disks,  at  the  last  pass  in  the  slab  mill ; 
then  roll  the  billets  so  that  the  base  of  the  rail  will  be  formed  from 
what  was  the  central  part  of  the  slab.  This  would  have  the  advantage 
of  showing  up  central  pipes  and  would  lead  to  a  greater  percentage 
of  No.   I   rails  than  present  methods. 

Many  rails  are  satisfactorily  sound.  It  is  certainly  within  reason 
to  demand  that  unsound  rails  be  rare.  If  the  steel  bath  be  manipulated 
so  that  gas  holes  shall  be  few  or  deep  seated  and  the  formation  of 
deleterious  oxides,  sulphides  and  silicates  prevented,  and  the  rolling 
done  so  as  to  produce  no  surface  cracks,  and  so  as  to  place  the 
segregated  metal  in  the  lower  half  of  the  rail,  I  feel  sure  that  the 
proportion  of  poor  rails  will  be  greatly  lessened.  With  these  precau- 
tions it  will  still  be  true  that  the  upper  rail  of  the  ingot  will  prob- 
ably be  less  durable  than  the  others.  The  provision  in  the  specification 
lately  suggested  by  the  American  Railway  Association  for  marking 
these  upper  rails  "A"  and  shipping  them  on  cars  separate  from  the 
rest,  is  valuable.  They  can  then  be  kept  out  of  the  most  trying  places 
in  the  track. 

The  production  of  sound  rails  is  our  proper  objective.  Much  of 
the  above  is  academic  and  needs  proof.  It,  however,  seems  logical 
to  me  and  may  point  the  way  to  further  investigation  at  the  Water- 
town  laboratory.  The  series  of  tests  mentioned  in  the  paper,  if  car- 
ried out,  must  produce  valuable  results  and  should  be  supported  by 
our  Association  so  far  as  lies  in  the  power  of  its  members.  Mr. 
Wm.  R.  Webster,  one  of  the  advisory  committee  named  by  the 
author,  is  present  and  I  hope  will  tell  us  what  has  been  done  and 
what   is   hoped   to   be   accomplished. 
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William  R.  Webster: — Professor  Marburg  and  I  were  called  in  to 
assist  in  this  work  by  the  Ordnance  Bureau,  and  in  order  te  make  it 
representative  work  we  had  a  meeting  last  October  in  New  York,  to 
which  we  invited  about  40  engineers  and  manufacturers  to  meet  Major 
Ruggles  and  Mr.  Howard  of  the  Watertown  Arsenal.  Dr.  Dudley,  of 
the  Pennsylvania  Railroad,  presided.  The  morning  session  was  devoted 
to  a  discussion  of  tests  of  compression  members.  The  afternoon  session 
was  devoted  to  the  desirability  of  investigating  the  ingot  structure, 
bloom  and  billet.  Dr.  Dudley  was  given  authority  by  the  meeting  to 
appoint  two  committees,  one  committee  on  the  compression  tests  and 
the  other  on  the  investigation  of  ingots,  blooms,  billets  and  slabs.  The 
whole  matter  was  brought  up  originally  by  a  report  of  Mr.  Howard  lo 
the  Ordnance  Bureau,  suggesting  an  investigation  of  this  kind  and 
asking  for  a  larger  appropriation.  The  appropriation  for  this  year's 
work  is  about  $35,000,  or  about  twice  the  amount  received  before.  I 
am  glad  to  say  that  both  of  the  committees  have  fairly  started  on  their 
work  and  that  there  has  been  no  red  tape  or  anything  of  that  kind  to 
hinder  us  in  the  work.  Some  of  the  members  of  this  Association  and 
some  of  the  steel  manufacturers  are  co-operating  with  us  and  furnish- 
ing freely  samples  of  their  material,  including  ingots  and  different 
finished  products,  and  I  have  no  doubt  that  other  members  and  other 
manufacturers  will  call  on  them  when  they  understand  more  clearly 
what    they    are    doing    at    Watertown. 

Mr.    Howard   sent  me   samples    and   wrote   as    follows : 

"Mr.  Snow  will  hand  you  a  piece  of  the  base  of  a  rail  which  was 
fractured  transversely  and  which  shows  a  laminated  streak  of  several 
hundredths  of  an  inch  in  depth,  and  which  occasioned  a  very  short 
and  brittle  fracture.  This  piece  was  annealed  before  testing,  for  the 
purpose  of  seeing  whether  any  reduction  in  brittleness  could  be  effected 
by  annealing  the  metal,  but  none  resulted ;  that  is,  these  streaks  are  a 
detriment  in  spite  of  anything  we  can  do  toward  softening  the  metal 
in  which   they   exist. 

"Another  piece  which  Mr.  Snow  is  kindly  bringing  out  to  you  is 
a  thin  slice  from  the  base  of  a  lOO-lb.  rail.  There  were  a  number 
of  streaks  in  one  end  of  this  sample.  Bending  transversely  opened  one 
of  these  seams,  you  will  see;  the  other  end  was  also  bent  transversely 
and  opened  up  some  short  cracks.  When  bent  in  the  other  direction, 
across  the  middle  of  the  length  of  this  piece,  the  bending  qualities 
were  much  better,  and  no  fractures  were  caused.  These  two  samples 
are  the  best  I  can  do;  they  are  not  precisely  what  you  may  have  pre- 
ferred; but  I  did  not  have  time  to  get  out  other  pieces  similar  to  those 
which   we  exhibited  at  the   New   York  meeting." 

A.  A.  Stevenson  in  discussing  a  paper  by  Mr.  Howard  before  the 
American  Institute  of  Mining  Engineers  at  the  February  meeting, 
1908,  said: 
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"There  is  one  very  important  point  that  I  have  not  heard  men- 
tioned by  Mr.  Howard,  and  that  is  the  question  of  the  minimum 
amount  of  work.  In  the  opinion  of  some  of  us  there  is  too  much 
work  put  upon  steel  at  the  present  time,  and  just  as  good  results  can 
be  obtained  by  a  lesser  amount  of  work;  in  fact,  maximum  results 
may  be  obtained   by  a  minimum  amount   of   work  on   the  material." 

Planes  of  cleavage  may  be  also  developed  by  pressure  in  a 
material,  having  no  gas  bubbles  or  other  internal  defects.  The  best 
illustration  of  this  was  given  years  ago  by  Professor  Tindale  in  an 
article  on  the  cleavage  of  roofing  slates.  He  claimed  that  the  planes 
of  the  cleavage  in  the  slates  were  at  right  angles  to  the  bedding  and 
were  caused  by  lateral  pressure  of  the  earth.  To  illustrate  this,  he 
cast  a  cylinder  of  wax  about  3  inches  long  and  3  inches  in  diameter 
and  at  the  normal  temperature  compressed  this  cylinder  to  a  cake 
and  ^-in.  thick.  This  was  then  cooled  in  a  mixture  of  salt  and 
ice  and  could  be  split  like  a  piece  of  mica.  In  1874  I  repeated  this 
experiment   with    similar   results. 

Many  of  us  have  known  for  years  that  there  was  a  decided  differ- 
ence in  the  tensile  strength  and  bending  properties  in  transverse  tests 
and  longitudinal  tests  on  pieces  from  universal  steel  plates.  Also*  that 
there  was  a  much  greater  difference  in  similar  test  pieces  cut  from 
universal  iron  plates,  but  we  did  not  appreciate  the  great  difference  in 
the  strength  and  bending  properties  of  the  higher  carbon  rail  steel  as 
has   been    shown   by    Mr.    Howard's   paper   to-night. 

With  this  information  before  us  it  is  not  hard  to  account  for  rails 
with  a  shallow  head  failing  by  the  side  of  the  head  breaking  off  in 
service  in  the  plane  of  web,  but  it  is  the  strongest  plea  for  making 
a  rail  with  a  deep  head  and  a  good  large  fillet  connecting  the  head  to 
the  web. 

We  are  always  going  to  have  transverse  weakness  perceptible  in 
steel  rails,  and  we  should  appreciate  that  in  designing  our  rails  to  do 
the  best  we  can  with   what  we  have  to  work  with. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I 
offer  the  following  resolution : 

"Resolved,   That   this   Association    tenders    its   thanks    to    Mr.    James 
E.  Howard,  Engineer  of  Tests  of  the  Watertown  Arsenal,  for  the  report 
of   his   tests    we    have    heard   to-night,    and   expresses    the    hope    that    he 
will  continue  his  investigations  into  the  cause  of  rail   fractures." 
(The    resolution    was    unanimously    adopted.) 


DISCUSSION. 

Vice-President  Berg: — The  next  report  is  that  of  the  Committee 
on  Rail.  Mr.  Wm.  R.  Welister,  the  cliairman,  will  outline  the  general 
features  of  the  report. 

Mr.  Wm.  R.  Webster: — We  consider  it  unnecessary  to  go  througii 
the  portion  of  the  report  on  pp.  147  and  148  of  Bulletin  96.  We  desire, 
if  any  member  cares  lo  do  so,  to  take  up  the  blank  form  of  the  report 
of  the  Committee,  that  they  do  so.  The  Committee  has  gone  into  this 
matter  very  thoroughly,  and  they  have  evolved  a  form  which  they  con- 
sider  meets  the   general   conditions. 

The  Vice-President  : — The  question  is  on  the  adoption  of  the  con- 
clusion on  page  152  of  Bulletin  gS.  The  Chair  would  announce  that 
the  Committee  on  Rail  adopted  this  form  for  reporting  rail  failures, 
and  recommends  it  to  the  Association  as  good  practice.  Gentlemen, 
form  M.  W.   i2CO  is  before  you   for  criticism.     Any  remarks? 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  : — 
As  an  addition  to  the  information  indicated  as  desirable  on  this  form. 
■  it  seems  to  me  it  would  be  very  valuable  to  have  the  information  as 
to  whether  or  not  the  breakage  occurred  at  the  receiving  or  leaving 
end  of  the  rail.  A  great  many  breaks  occur  at  the  end  of  the  rail,  and 
whether  it  was  the  receiving  or  leaving  end   is   important. 

The  Vice-President : — Does  Mr.  IMcDonald  desire  to  make  any  re- 
marks;  or  Mr.   Gushing? 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines  West)  : — I  made  some  re- 
arrangement of  the  Committee's  form  which  I  thought  would  be  better, 
and  which  I  would  like  to  see  taken  up  before  this  is  finally  acted 
upon,  but  it  is  very  hard  to  present  it  to  the  Association  so  that  it 
v.-ould  be  understood,  for  lack  of  having  the  form  printed  in  advance 
for  comparison ;  therefore  I  will  not  say  anything.  I  have  already 
given  sonie  blueprint  copies  of  it  to  the  Committee,  which  I  judge  they 
did  rtot  care   to   consider   favorably. 

Mr.  Webster: — The  Committee  met  this  afternoon  and  considered 
the  suggestions  made  by  Mr.  Gushing,  but  we  did  not  feel  that  we 
could  improve  our  form  by  adopting  them.  Many  of  the  points  were 
discussed  at  a  meeting  we  had  in  New  York  in  January.  We  thrashed 
the  thing  out  fully.  We  have  given  you  a  form  for  report  that  can 
be  changed  slightly  by  the  different  roads  to  meet  their  conditions. 

Mr.  Gushing :— I  would  like  to  see  a  copy  of  it  go  in  as  part  of 
the  discussion,  as  long  as  it  cannot  now  be  presented  so  the  Association 
can   understand  the  difference.     (See  pp.  511,  512.) 
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Mr.  Webster: — The  Committee  accepts  that  and  would  be  glad 
to  have   it  printed   with   the  present   report. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — I  think 
the  Association  is  to  be  congratulated  upon  its  Rail  Committee  and 
upon  this  proposed  plan.  I  appreciate  perhaps  more  fully  than  others 
that  the  intelligence  of  the  modern  section  foreman — and  I  realize  I 
;im  treading  on  dangerous  ground — is  not  equal  to  that  of  several  years 
ago.  The  information  that  has  to  be  obtained  upon  this  report  is  to 
be  obtained  from  the  section  foreman,  and  I  realize  that  we  are  asking 
him  a  great  many  questions  that  will  be  difficult  for  him  to  answer,  and 
therefore  it  will  be  a  duty  devolving  upon  us  to  train  our  section  fore- 
men to  be  able  to  make  this  report. 

Mr.  Cashing : — Mr.  Chairman,  I  would  like  to  say  that  substantially 
that  blank  has  been  in  use  on  the  Pennsylvania  System  since  the  first 
of  the  year,  and  the  reports  have  been  coming  in  very  satisfactorily. 
Occasionally  they  have  to  be  sent  back  for  correction,  but  that  was 
the  exception  and  not  the  rule.  As  a  matter  of  fact,  questions  on  the 
blank  that  have  to  be  answered  as  to  any  individual  rail  are  compara- 
tively few,  and  require  very  little  writing. 

Vice-President  Berg: — The  question  is  on  the  adoption  of  the 
form  M.  W.  1200,  for  reporting  rail  failures,  to  be  recommended  as 
good  practice. 

(The  question  on  the  adoption  of  the  form  was  then  voted  upon, 
and  it  was  adopted.) 

Vice-President    Berg: — Has    the    Committee   anything   else    to   offer? 

Mr.  Webster : — I  think  it  is  desirable  that  the  Association  take 
some  action  in  getting  this  information  for  this  Committee  and  for 
ethers  interested  in  the  investigation  of  rail  failures.  There  is  no  use 
having  a  blank  form  of  this  sort  unless  it  is  put  in  use.  The  Com- 
m.ittee  hopes  that  other  members  will  use  the  blank  form,  so  that  we 
get    the    detailed    information    called    for. 

Vice-President  Berg : — The  Committee  is  relieved,  with  the  thanks 
cf  the  Association. 
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Peivksylvat^ta  Litotes 

West   of-    Pittsbt-rgH. 

Ma.n  Lime 

DivisiOM Branch 


Report  oF  Rail  Failures  in  Main  Tracks. 


Date  of  Report 19. 


Original  Weight  per  yard lbs 

Type  oF  Roil  Section.  .......      .. 

Name  oF  Rail .  iP  oP  Special  Material    .     .    .    .    .    . 

Brand  on  Rail  .   ..._.._......._ 

Heat  No  on  Rail ' 

Rail  No  or  Letter. (Wote'CTonback), 

Length  oFRail. 

Location.   .   .    .  Pt.   .   .  .oF  Mile  Post  No. .    .    .     . 

Whiich  Track  ' .. 

On  Curve  or  Stralgtit  Line' 

High  or  Low  Rail,  iP  on  Curve'' 

No  oFCurva' Degree  oP  Curve' 

Superelevation  of  Curve  at  Place  oF  Failure     _  .    _    .    . 
Month  and  Veer  Rail  was  laid       ........ 

Date  and  Time  Rail  was  Found.  ........ 

Exact  Gauge  oF  Track  at  Failure. 

Condition  oPLine  and  SurFace . 

WasTrock  properly  ballasted  ' 


Kind  oP  Ballast' 

Kind  oF  Roadbed  Material  under  Ballast?  .    .     .    . 

WasTrock  well  drained? 

Was  Roadbed  Frozen? .    .     .    .    .    . 

Condition  oP  Weather  (wet.  dry,  wornn  or  cold; 
Freezing  or  thawlngj.  ......     ...     _. 

Kind  oPTies 

Were  Tie  Plates  used? Kind 

Was  Rail  damaged,  (see  Nal  on  back);  Brol<co,lNo.2.),or, 

•   DeFective.tNos3.4-,5.6.7)? . . 

Was  Rail  removed  or  spliced  ?.   ......... 

IF  removed,  give  date.  .    ............. 

Was  Rail  much  or  little  worn  ?.....__.. 

Was  break  square  or  angular  ?  .    .     ,     .     .    . 
Was  break  over  or  between  ties  ?     .      .... 

Distance  From  center  to  center  o^  tiea   on  each 

side  oF  break  ?_._._.._..__. 
Condition  oFties  each  side  oF  break?,  .... 


IP  Break  was  at  Joint,  slate  kind, number  oP holes,  and  whether  it  was  Full  bolted  and  Insulated. 


IF  accident  or  detention  to  trains  was  caused  by  break,  state  circumstances. 


IF  Broken,  state  cause  oP  breakage  as  near  as  you  can,  and  describe  any  Flaws  Pound  at  place  oF 
break.  ......     ...     ....     ....._........._.     .     _.._ 

IP  DePective ,  describe  location  oF  Flaws  or  deFeots,  and  iP  possible,  whet  caused  them  .     [  See  back  oP 
report    For  description    oP  Failures  J ......... 


Draw  on  Diaqrarn    I  ines  oP  Break,  or  partial  Fracture,  such  as  long  pieces  Prorn   side  oPhfeed,  and 
halF  moon  pieces  Prom  base,  showing  dimensions.  Hollows  in  heads  should    be  shown  on  end 

section.  DePects  may   also  be  Indicated   on  Diagram.         Mark  distance   From  end  to   Break 

*IP   break  is  nearesrt  "  Receiving  End"  draw   pencil   through    words  "  Leaving  End";    iC  nearest 
"Leaving  E  nd".  draw   pencil   through  words  "  Receiving  End".  (*   Refers   to  track     upon 

which   the  current    oF   traPfic   is   in    one  direction). 
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Tu    □    n    □    □    n    u   LJ    or 

IF  Damaged,  describe  nature  and  cause,  iFknown    (  See  back  oF  report   Por  description  oP 
Failures. _. 


Approved. 


Supervisor. 
Instrxic^i'ons  ond  Oescrt'phon  of  Df^ec^s  on  back. 
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Instructions: 

A  .  The  Forerrion  ui  1/ 3end  fhh  report  ^o  /he  Supervisor  ^he  some  day  /he  break  is  discoyercd,  ond  in  ihc 

case  of  a  damaged  or  defective  rail^  /he  same  day  1/  is  taken  out  of  the  track. 
B  The  Supervisor  uill  foruord  this  report  directtoth\e  Engineer  MoTA/. 

C  The  Engineer  M.oF.W.  uil I  send  a  copy  oFthis  report  immediately  upon  receipt  tothe-    Chie.F  Engi- 

neer  t^-  oF  JJ. 
D  The  Rail  Numtier  or  Letter  in  6,( front  patje) ,  uill  be  founda  feu  inches  to  the  nghi  oF  the.  Heat  Nurri- 

ber,    and  is  marked  uilh  a  letter  of  the  alphabet. 
t.  t^ He  Post  Number  From    f^'/'  end  oF  Division  to  be  used. 

Description   of  Rail  Taiuures, 
When  describing  Failures  oF   Roils,  the  following  ferms  stiould  beused. 

1  Damaged.        Under  f  his  head  i^i//  be  included  oil  rails  broken  or  injured  by  kirecks,  broken  tj  he  el 3  or 

similar  causes. 

2  Broken  Ran  This  term  is  to  be  confined  to  a  rail  uhich  is  broken  through^  separating  if  into  fuo 

or  more  parts.     A  crack  uhich  might  result  in  a  complete  break  u/t/come  under  this  head. 
3.    Flow  of  Metal.      This  term  means  a  "f?olling  out'  of  the  metal  on  top  of  tfie  head  touords  its  sides 
uiihout  there  being  any  indication  of  a  breaking  doun  of  the  head  structure;  that  is,  the. 
under  side  oF  the  head  is  not  distorted. 


Crushed  Head.      This  term  is  used  to  indicate  a  "Flallening  oF  the  head  and  is  usually  accompanied 
by  a  crushing  doun  of  the  head  as  shoun  in  the  sketch. 


Split  Head.  Thn  terrn  includes  roils  split  through  or  near  the  center  line  of  the  head  or  rails 
uith  pieces  split  off  the  side  of  the  head.  A/hen  this  term  is  used  it  jhould  be  further  de- 
Fined  by  stating  uhether  it  is  or  is  not  accompanied  by  a  seam  or  hollou  head. 


IIE 


JL 
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B    Split  Web,       Thn  term  is  a  longitudinal  split  along  the  axis  oF  ueb  generally  .starting  front  the 
end  of  rail  through  the  tpolt  holes. 


7,   Broken  Base  .    This  term  coi/ers  all  breaks  in  base  of  rail  and  should  be  described  and 
I  llustrated  on  sketches  on  Front  page 


> 


512 


REPORT  OF  COMMITTEE  NO.  XIV— YARDS  AND 
TERMINALS. 

(Bulletin    95.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of   Way  Association: 

Your  Committee  on  Yards  and  Terminals  submits  herewith  its 
eighth  annual  report  (no  report  having  been  presented  at  the  annual 
meeting  in  March,  1907).  This  report  has  been  compiled  from  data 
secured  by  conference,  correspondence,  and  observation  of  the  members. 
A  meeting  of  the  Committee  was  held  at  Chicago  on  October  22,  1907, 
at  which  the  work  outlined  by  the  Board  of  Direction  was  given  full 
consideration,  and  a  draft  of  the  report  was   fully  discussed. 

REVIEW  OF  THE  COMMITTEE'S  WORK. 

A  general  review  of  the  work  of  the  Committee  was  given  in  the 
report  of  1905,  and  the  following  is  a  summary  of  this,  with  particulars 
of  the  work  since  that  year : 

1900.  A    brief    preliminary    report    was    presented. 

1901.  The  report  contained  definitions  of  yards  and  yard  tracks, 
and  discussed  the  following  subjects:  (i)  Location  of  yards;  (2) 
Receiving,  separating,  classification,  departure  and  storage  yards;  (3) 
Location  of  yard  facilities. 

1902.  The  report  dealt  with  the  following  subjects:  (i)  Cluster, 
or  general  yard;  (2)  Car  repair  and  car  cleaning  yards;  (3)  Industrial 
district   and   division   terminal  yards ;    (4)    Freight   houses. 

1903.  The  report  dealt  with  the  following  subjects:  (i)  Ter- 
minal, yard  and  general  switching;  (2)  Car  records  at  yards;  (3)  Water 
and   rail   terminals   at   ocean    and    lake   ports,   including   freight    piers. 

1904.  The  report  dealt  with  the  following  subjects:  (i)  Coal 
piers;   (2)  Freight  piers  at  rail  and  water  terminals;    (3)   Icing  stations. 

1905.  This  report  reviewed  the  work  of  the  Committee,  and  pre- 
sented a  compilation  of  the  definitions  and  conclusions  suggested  in 
former  reports.  It  also  dealt  briefly  with  the  following  subjects:  (i) 
Methods  of  yard  switching;  (2)  Car  repair  yards  and  team  delivery 
yards.     At  this  meeting  the  Association  adopted  a  number  of  definitions 
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and  conclusions  suggested  by  the  Committee,  and  also  formally  adopted 
those  already  _  adopted  individually  at  previous  meetings.  It  was  also 
voted  that  certain  other  definitions  and  conclusions  which  had  not  been 
adopted  should  be  included  with  the  others  in  the  Manual  of  Recom- 
mended Practice,  with  a  note  stating  that  they  had  not  been  adopted 
by  the  Association. 

1906.  The  report  dealt  mainly  with  summit  or  hump  yards ;  their 
design  and  operation.  The  conclusions  presented  were  adopted,  with 
some   modifications. 

1907.  No  report  was  presented.  A  considerable  amount  of  addi- 
tional information  in  regard  to  summit  or  hump  yards  was  obtained, 
but  was  not  dealt  with  by  the  Committee  or  put  in  shape  for  a  report. 
This  was  owing  in  part  to  pressure  of  business  on  the  chairman  and 
in  part  to  the  absence  of  the  vice-chairman  in  Europe.  No  report  was 
therefore  presented  at  the  1907  meeting. 

FREIGHT    YARDS    FOR    HUMP    SWITCHING. 

Yards  and  terminal  facilities  are  provided  to  promote  rapid  and 
economical  handling,  and  for  the  classification  and  grouping  of  cars 
necessary  to  avoid  delay  in  transit  and  secure  economy  in  cost  of 
operation. 

In  designing  yards  for  classification  it  is  important  that  full  con- 
sideration should  be  given  to  every  point  that  will  result  in  saving  time, 
whether  on  the   road   or  at   division   points   or  at  'terminals. 

In  the  transportation  of  freight,  time  is  an  element  of  ever  in- 
creasing importance.  In  recognition  of  this,  we  have  built  larger  and 
better  cars;  and  heavier,  swifter  and  more  powerful  locomotives.  We 
have  installed  expensive  systems  of  signals,  and  have  improved  and 
extended  our  tracks,  and  have  largely  increased  our  facilities  to  secure 
prompt  and  efficient  handling  at  terminals. 

Continuous  movement  at  moderate  speed  is  desirable,  rather  than 
high  speed  between  frequent  stops,  and  long  delays  in  transit  must  be 
avoided.  We  should,  therefore,  classify  for  delivery  as  well  as  for 
character  of  freight  in  order  that  cars  may  be  grouped  to  move  the 
greatest   distance   possible   without   reclassification   and   consequent    delay. 

The  number  of  groupings  that  can  be  made  to  advantage  is  gen- 
erally large;  it  follows,  therefore,  that  a  larger  number  of  comparatively 
short  tracks  in  a  classification  yard  will  be  more  satisfactory  as  to 
results,  than  a  smaller  number  of  longer  tracks  that  will  hold  full  trains. 

By   increasing   the    number    of   classification    tracks    to    the    limit    of 
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available  room,  or  to  the  greatest  number  that  may  be  thought  desir- 
able or  necessary,  the  cost  of  operation  of  the  yard  will  not  be  greatly 
increased,  but  the  cost  of  the  subsequent  movement  will  be  diminished 
by  the  better  grouping  that  permits  continuous  movement  and  prompt 
delivery   at   destination. 

The  use  of  gravity  in  assorting  cars  has  long  been  recognized  as 
a  rapid,  economical,  and  efficient  method.  It  has  been  suggested  to 
the  Committee  that  1,200  cars  to  be  classified  in  24  hours  should  be  the 
minimum  limit,  and  that  with  this  amount  of  traffic  the  cars  can  be 
handled  through  a  yard  of  this  type  faster  and  at  less  cost  than  through 
any  other  type  of  yard.  It  is  not  possible,  however,  to  set  a  definite 
number  as  generally  applicable.  Various  conditions  will  enter  into 
consideration  at  any  yard,  and  gravity  switching  is  employed  at  yards 
having  ?.  smaller  number  of  cars  to  be  weighed  than  that  given  above. 
Where  the  local  conditions  as  to  grades  are  unfavorable  for  gravity 
switching,  it  has  been  found  desirable  to  introduce  humps,  or  eleva- 
tions, with  steep  grades  descending  therefrom,  over  which  cars  may 
be  run  to  the  tracks  provided  for  the  classification  or  groupings  desired. 
On  the  general  proposition  as  to  the  desirability  of  this  method 
of  separating  and  assembling  cars,  there  is  little  difference  of  opinion, 
but  as  to  details,  height  of  hump,  ratio  of  grades,  location  of  scales, 
and  velocity  that  should  be  given  to  cars,  we  find  widely  divergent 
views.  The  grade  approaching  the  hump  should  not  be  greater  than 
that  of  the  main  track  over  w^hich  the  trains  to  be  classified  have  been 
hauled  by  one  engine;  and  at  the  hump  there  should  be  only  sufficient 
excess  grade  to  bunch  the  cars  at  the  head  end,  thus  making  it  pos- 
sible to  promptly  uncouple  each  cut  as  desired. 

The  principal  subjects  for  consideration  then  are  the  hump,  and 
the  appurtenances  thereto.  The  grades  and  lengths  of  the  classification 
tracks,  the  distance  from  the  summit  of  the  hump  to  the  lower  ends 
of  the  ladder  tracks,  and  the  desired  velocity  of  the  cars,  are  the 
factors  that  determine  the  height  of  the  hump;  the  conditions  in  each 
case  must  therefore  be  known  before  a  proper  study  can  be  made,  and 
grades   established    that   will   produce   the    desired    results. 

If  the  classification  tracks  are  long,  and  cars  are  classified  in 
both  directions,  it  will  sometimes  be  considered  as  too  expensive  to 
establish  ideal  grades  through  the  classification  yards.  We  may  assume 
that  such  ideal  grades  would  be  0.4  per  cent,  to  0.5  per  cent,  after 
leaving  the  ladder  tracks.  It  is  also  probable  that  various  local  con- 
ditions   (such    as    the    location    of    engine    houses,    coaling    stations,    car 
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repair  shops,  etc.)  may  govern  distances  available  for  the  accelerating 
and  ladder  grades.  Therefore  it  will  not  often  be  possible  to  so 
harmonize  all   factors  as   to  secure  ideal  conditions   throughout. 

To  so  construct  a  hump  that  the  greatest  number  of  cuts  of  cars 
may  be  classified  over  it,  the  steepest  part  of  the  grade  must  be  reached 
in  the  least  available  distance  after  passing  the  summit  of  the  hump. 
In  this  way  the  cuts  or  groups  of  cars  for  different  tracks  may  gain 
speed,  and  separate  quickly,  thus  making  the  necessary  interval  of  time 
between  cuts  for  the  operation  of  the  switches  without  unnecessary 
delay   to   the  movement. 

The  summit  of  the  hump  should  be  reached  by  vertical  curves  that 
raise  the  grade  about  one  foot  in  a  distance  of  60  ft.  The  curves  should 
have  a  radius  of  about  1,500  ft.  The  curve  beyond  the  hump  should 
have  a  length  of  about  30  ft.  from  the  highest  point,  and  join  a  grade 
not  exceeding  2  per  cent,  passing  over  the  scale,   as   in   Figs,    i    and  2. 

The  scale  should  be  located  on  the  hump  in  cases  where  the  propor- 
tion of  the  cars  to  be  weighed  is  relatively  large.  In  other  cases, 
a  special  scale  track  should  be  provided  beyond  the  hump,  and  so 
arranged  as  to  make  it  convenient  to  return  the  cars  for  reclassifica- 
tion by  gravity.  In  the  first  case  it  is  desirable  that  a  track  scale 
not  exceeding  60  ft.  in  length  should  be  placed  on  the  descending 
grade  in  the  main  hump  track,  about  30  to  40  ft.  from  the  summit  of 
the  hump.  With  this  arrangement  all  cars  passing  over  the  hump  may 
be  weighed  if  desired,  and  with  the  least  possible  delay,  trouble  and 
expense. 

To  overcome  the  very  serious  objection  to  the  ordinary  installation 
of  track  scales  with  dead  track,  one  rail  of  which  is  carried  on  cast- 
iron  standards,  it  is  proposed  to  substitute  for  such  standards  a  con- 
tinuous wall  of  reinforced  concrete  provided  with  openings  for  the  scale 
levers,  as  shown  by  Fig.  3.  It  has  been  proved  by.  actual  experience 
that  it  is  possible  to  successfully  operate  track  scales  on  a  2  per  cent, 
grade.  Accurate  results  can  be  obtained  from  such  scales,  and  it  is  not 
difficult  to  maintain  them  on  a  grade.  It  has  also  been  found  by  actual 
practice  that  scales  located  on  the  hump  track  do  not  decrease  to  any 
appreciable  extent  the  number  of  cars  handled  over  the  hump  per  hour. 
Cars  to  be  weighed  pass  over  the  scale  track  8  in.  to  one  side 
of  the  center  line  of  the  lead  track.  Cars  not  to  be  weighed  pass 
over  the  dead  rail  track  8  in.  to  the  other  side  of  the  lead  track. 
This  makes  the  minimum  deflection   from  a  straight  line  of  only  8  in. 
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for  all  cars  passing  over  the  hump.  It  has  been  suggested  ihat  no 
dead  rail  is  needed  on  a  scale  placed  in  the  hump  track,  but  it  must  be 
remembered  that  the  accuracy  of  a  scale  depends  very  largely  upon 
the  sharpness  of  its  bearings.  As  these  bearings  wear  the  scale  becomes 
slow  in  action  and  the  beam  will  indicate  weights  proportionately  light 
or  below  the  actual  weight.  Therefore  it  is  not  advisable  to  run  over 
the  scale  any  cars  that  are  not  to  be  weighed.  Fig.  4  shows  the  ar- 
rangement of  scale  and  dead  rail  connections.  Track  scales  are  referred 
to  later  on. 

By  the  use  of  such  a  scale  pit  as  is  shov/n  in  Fig.  3,  all  reasonable 
objection  (from  a  maintenance  standpoint)  to  the  location  of  a  scale  in 
the  hump  track  will  be  eliminated.  By  so  placing  the  scale,  its  use 
involves  very  little  increase  in  cost  and  delay  in  movement ;  more  fre- 
quent use  will  be  made  of  it,  and  the  more  nearly  will  the  object  of  its 
installation  be  fully  attained.  If  the  weights  are  desired  only  for  billing 
or  engine  rating,  it  is  desirable  that  the  scales  be  equipped  with 
automatic  registers,  to   save  time  and  permit  more  rapid  movement. 


Fig.   5.     Plan   of   Entrance  to   Classification   Yard;   with    Double    Ladders, 

In  evidence  of  the  fact  that  the  installation  of  track  scales  on  steep 
grades  is  considered  good  practice,  it  may  be  stated  that  many  scales 
are  known  to  be  installed  in  tracks  where  the  grade  is  from  1.5  per 
cent,  to  3.5  per  cent,  and  as  the  commodities  handled  are  sold  by  the 
weights  thus  obtained,  it  may  be  assumed  that  the  grade  does  not  seri- 
ously interfere  with  the  accuracy  of  results.  A  scale  located  on  a  grade 
of  3.5  per  cent,  is  used  to  weigh  the  product  of  a  large  stone  crushing 
plant ;  the  results  obtained  are  satisfactory.  As  to  the  rapidity  with  which 
cars  may  be  weighed,  we  have  evidence  as  follows:  (i)  Nine  cars 
have  been  weighed  in  one  minute  on  a  scale  60  ft.  in  length;  (2) 
the  weighing  of  seven  cars  per  minute  is  often  accomplished;  (3)  the 
weighing  of  150  cars  per  hour  is  common  practice  with  a  grade  of  1.3 
per  cent,  over  the  scale  and  the  cars  running  by  gravity  at  a  maximum 
rate  of  about  ten  miles  per  hour.  With  the  installation  proposed  by 
the  report,  the  cars  would  leave  the  scale  at  a  speed  of  about  6^  miles 
per  hour. 
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Referring  to  the  tabulated  summary  of  hump  yards  in  the  seventh 
annual  report  of  this  Committee  (Vol.  7,  page  167,  of  the  Proceedings 
of  this  Association)  we  find  that  of  39  yards,  only  seven  have  grades 
exceeding  0.4  per  cent,  in  the  classification  tracks,  and  in  six  of  them 
the  classification  tracks  are  level,  the  average  of  the  39  being  slightly 
more  than  0.3  per  cent. 

It  appears  that  to  insure  free  movement  of  all  cars  to  the  lower 
ends  of  classification  tracks,  it  has  been  found  necessary  in  some  cases 
to  build  high  humps  and  run  the  cars  through  ladder  tracks  and  turnouts 
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at  a  somewhat  higher  velocity  than  is  desirable.  To  avoid  this  ex- 
cessive speed,  with  the  consequent  damage,  danger,  and  increase  in 
cost  of  maintenance,  it  is  thought  better  to  make  the  grade  of  the 
classification  yard  as  nearly  ideal  as  possible  by  raising  the  grade  at 
the  receiving  end,  thus  distributing  the  grade  or  fall  and  avoiding  the 
necessity  for  the  high  speed  that  is  otherwise  obtained  if  cars  are 
given  sufficient  momentum  by  the  hump  grade  to  carry  them  to  des- 
tination on  practically  level  tracks. 

It    is    not    possible,    however,    to    make    plans    or    recommendations 
as  to  details  that  will  have  universal  application.    To  overcome  adverse 
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conditions  and  secure  satisfactory  working  in  cold  weather,  it  has  bfen 
found  desirable  to  increase  the  height  of  humps  sufficiently  to  give  the 
cars  a  velocity  about  20  per  cent,  in  excess  of  that  required  for  satis- 
factory working  in  warm '  weather.  Where  the  conditions  of  traffic 
and  the  changes  in  temperature  warrant  the  expense,  a  marked 
advantage  in  expediting  movements  may  be  obtained  by  providing 
the  hump  with  two  parallel  tracks,  one  having  the  required  grades 
for  summer  work  and  the  other  having  the  grades  for  winter 
work.  In  some  cases  it  may  be  found  desirable  to  put  in  an  extra 
hump  for  the  winter  service,  and  this  could  be  used  also  in  summer 
in  case  a  high  wind  prevented  the  cars  from  running  freely  on  the 
regular  hump.  Either  of  these  plans  would  avoid  the  necessity  of 
raising  the  hump  for  winter  use,  and  lowering  it  again  for  summer  use. 

It  is  generally  conceded  that  after  passing  the  hump,  cars  should 
be  given  the  desired  velocity  and  should  reach  the  classification  tracks 
in  the  least  distance  in  which  satisfactory  results  can  be  accomplished. 
It  is  therefore  desirable  that  the  ladders  be  doubled,  as  shown  by  Figs. 
I  and  2.  It  is  suggested  that  the  grades  be  made  approximately  as 
indicated  by  the  profiles  shown,  giving  the  cars  a  speed  of  about  14 
miles  per  hour  when  entering  the  ladder  tracks.  The  grade  of  the 
ladder  tracks  should  be  0.8  per  cent,  to  i.o  per  cent.,  so  that  this  speed 
may  not  be  reduced  until  after  the  classification  tracks  are  reached. 
If  this  speed  is  considered  excessive,  it  should  be  reduced  by  eliminating 
all  or  part  of  the  4  per  cent,  accelerating  grade  on  the  hump. 

In  many  places  it  is  necessary  to  make  the  greatest  possible  use 
of  available  space.  It  was  therefore  thought  best  to  consider  adverse 
conditions  and  make  diagrams  accordingly.  Therefore  in  Figs,  i  and  2 
the  classification  tracks  are  shown  12  ft.  center  to  center,  and  ladder 
tracks  15  ft.,  as  the  least  room  that  should  be  considered  under  any 
conditions.  Two  plans  for  double  ladders  are  shown.  The  combination 
of  these  with  the  ladder  tracks  at  the  lower  end  will  provide  tracks 
of  even  length  in  the  classification  yard,  if  so  desired.  Another  arrange- 
ment is  shown  in  Fig.   5. 

The  Rutherford  hump  yard  of  the  Philadelphia  &  Reading  Railway 
(of  recent  design)  is  shown  by  the  plan  in  Fig.  6,  and  is  further  de- 
scribed in  Appendix  A. 

The  Committee  gives  in  Fig.  7  a  plan  of  hump  yard  designed  for  an 
inland  point.  This  has  a  double  hump,  and  the  principal  feature  of  the 
plan  is  the  "winter  hump,"  which  obviates  the  changing  of  the  grades 
and  raising  of  the  hump  which  are  necessary  when  only  a  single  hump 
is  used.     The  winter  hump  could,  it  is  explained,  be  used  also  in  sum- 
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mer  in  the  case  of  heavy  retarding  winds  or  other  special  conditions. 
The  plan  embodies  the  ideas  suggested  by  the  Committee,  except  that 
the  grades  are  somewhat  steeper  than  those  which  have  been  recom- 
mended. The  Committee  also  gives  in  Fig.  S  a  plan  of  the .  Greenville 
Terminal  of  the  Pennsylvania  Railroad  at  Jersey  City,  on  New  York 
harbor.  This  is  an  interesting  example  of  a  combination  deep-water 
and  hump-yard  terminal.  It  is  not  necessary  to  enter  into  any  detailed 
description,  as  the  terminal  has  been  described  in  the  technical  press 
(Engineering  Record,  May  ii,  1907;  Railway  Age,  March  24,  1905). 
Particulars  of  a  number  of  hump  yards  on  the  Pennsylvania  Lines 
(Southwest  System)  were  given  in  the  Committee's  report  for  1906,  and 
details  as  to  changes  in  and  experiences  with  these  yards  have  been 
furnished  by  the  courtesy  of  Mr.  W.  C.  Cashing,  Chief  Engineer  of 
Maintenance  of  Way.  This  matter  is  presented  in  Appendix  B,  together 
with  records  of  tests  and  tables  of  the  grades,  speeds  and  car  capacities 
in  these  several  yards.  Profiles  and  plans  are  also  given,  showing 
the  changes  made  from  the  original  profiles  given  in  the  former 
report.  Your  Committee  has  tabulated  some  of  the  information  given 
on  the  profiles  and  has  worked  out  virtual  grades  and  theoretical  veloci- 
ties at  the  heads  of  ladder  tracks.  This  comparison  is  given  in  Table 
No.   I. 

TABLE  NO.  1 .— CONDITIONS  IN  HUMP  YARDS— PENNSYLVANIA  LINES 
(SOUTHWEST  SYSTEM). 
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Altoona 

Mr.  Gushing  gives  it  as  his  opinion  that  the  grades  on  the  hump 
should  be  such  that  it  would  be  possible  for  a  draft  of  cars  to  obtain 
a  speed  of  about  twelve  miles  an  hour  when  they  run  in  on  any  track. 
This  speed  then  should  be  regulated  by  the  brakeman  so  that  he  could 
vary  the  speed  of  the  car  according  to  tlie  conditions  on  the  particular 
track  on  which  his  car  is  going.  It  is  interesting  to  note  that  the 
results   obtained    at    Conway    and    Altoona    are    entirely    satisfactory    to 


FIG.  6. 

PLAN  AND  PROFILES  OF  GRAVITY  SWITCHING 
YARD  AT  RUTHERFORD,  PA.;  PHILADELPHIA 
&   READING   RAILWAY. 
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B    RECEIVING  TRACKS        76    CARS  EACH  375  CARS 

3    CLASSIFICATION  "    AV.60  "  660      " 

3     DEPARTURE  75        "  225 

8     SHOP  CAR  TRACKS  AV.D9  CARS  EACH  472  CARS 


Pic.   6,    Plan   and    Pbofiie 


FIG.  8. 

PLAN  AND  PROFILE  OF  THE  NEW  YORK 
FREIGHT  TERMINAL  OF  THE  PENNSYLVANIA 
RAILROAD  AT  GREENVILLE,  N.  J.  (ON  NEW 
YORK   BAY). 


-^S^^£ii:^^£jm>'i 


^'S-Jl UjolLSmtliiSafStLAOOUT  4900  n,  n?  PitHHtAo  i^iiir 


New   Yoer  Fibicbt   Terminal  < 


Pehnsvlvania   R.  R.   at  GRZEifvnxE,  N.  J.  (ok  New  Ym 


YARDS   AND   TERMINALS.  525 

those  who  operate  them,  as  the  profiles  agree  closely  with  what  the 
Committee  has  worked  out  as  representing  nearly  ideal  conditions.  The 
hump  at  Altoona  is  no  doubt  the  better  one,  that  is,  a  larger  number  of 
cars  can  be  classified  over  it  because  the  4  per  cent,  grade  is  reached  in 
a  shorter  distance  beyond  the  summit,  thereby  making  the  necessary 
space  interval  for  the  operation  of  switches  more  promptly,  and  making 
it  possible  to  reduce  the  time  interval  between  cuts.  But  where  a  scale 
is  required  in  the  hump  track,  the  profile  at  Conway  is  very  nearly 
ideal,  the  virtual  grade  being  about  as  heavy  as  can  be  used  to  advan- 
tage. The  calculated  speed  at  the  upper  ends  of  ladder  tracks  at  both 
Altoona  and  Conway  would  be  about  16  miles  per  hour.  The  speed 
at  Conway  as  found  by  test  is  given  at  15.5  miles  per  hour,  but  as  this 
appears  to  be  an  average  for  a  distance  of  144  feet,  it  may  be  assumed 
that  the  actual  speed  was  at  least  16  miles.  The  statement  regarding 
Altoona  (see  Appendix)  seems  about  right  when  it  says  that  "The  grades 
on  the  hump  should  be  sufficient  to  give  cars  a  speed  of  12  miles  per 
hour  on  any  track,  and  the  speed  should  be  regulated  by  the  brake- 
man  to  meet  the  conditions  on  any  particular  track  on  which  his  car 
is  going."  The  statement  regarding  Edge  M'oor  also  agrees  as  to  the 
rate  of  speed  that  should  be  gfven  to  cars,  and  as  a  general  rule  it  is 
no  doubt  proper  to  consider  about  15  miles  per  hour  as  the  maximum 
speed  at  which  cars  should  reach  the  turnouts  leading  to  classification 
tracks. 

As  a  noteworthy  addition  to  the  literature  on  the  subject  of  yards 
and  terminals,  the  Committee  mentions  a  paper  on  "The  Theory  of 
the  Design  of  Railway  Freight  Terminals,"  by  Mr.  H.  M.  North.  This 
was  read  before  the  Western  Society  of  Engineers  and  was  published 
in  the  "Journal"  of  that  Society  for  February,   1907. 

TRACK   SCALES. 

Scales  longer  than  60  ft.  are  rarely  used,  and  many  that  were  longer 
have  been  reduced  to  60-ft.,  as  the  very  long  scales  are  slow  in  action 
and  expensive  to  maintain  on  dccount  of  the  additional  number  of  levers. 
The  length  of  platform  is  generally  about  36  to  46  ft. ;  24  ft.  on 
ore  roads  with  short  cars,  and  as  high  as  60  ft.  in  some  cases. 
The  Philadelphia  &  Reading  Railway  uses  60-ft.  scales  for  weighing 
coal  and  freight  cars,  these  scales  being  on  the  switching  hump. 
A  loo-ft.  scale  was  used  at  one  time  in  the  looth  Street  yard  of 
the  Chicago,  Lake  Shore  &  Eastern  Railway  at  South  Chicago. 
This    was    not    a    success,    as    wifh    a    bigli    wind    the    cars    would    not 
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run  freely,  and  a  great  deal  of  delay  was  caused.  There  was  also 
considerable  trouble  in  winter  through  the  cars  not  having  sufficient 
momentum  to  run  over  the  scales.  For  these  reasons  the  length  was 
reduced  to  42  ft.  two  or  three  years  ago.  This  was  not  at  a  gravity 
yard,  but  was  approached  by  a  gravity  track  of  0.5  per  cent.,  the  grade 
being  somewhat  increased,  so  that  the  cars  would  make  better  head- 
way. With  the  loo-ft.  scale  the  cars  were  kept  about  150  ft.  apart. 
The  scale  had  a  capacity  of  125  tons,  and  had  no  dead  rail ;  the  loads 
were  not  automatically  weighed  and  recorded.  While  it  would  be 
possible  to  weigh  cars  without  uncoupling  on  the  present  42-ft.  scales, 
this  is  not  done,  as  it  is  found  that  weights  so  taken  are  not  accurate. 
The  net  weight  of  a  loaded  car  is  ascertained  by  weighing  it  both 
empty  and  loaded.  Every  car  coming  in  and  going  out  is  weighed.  An 
inbound  empty  car  is  weighed,  and  again  weighed  as  it  goes  out  loaded. 
The  same  with  an  inbound  loaded  car.  The  tables  in  Appendix  C 
show  the  arrangement  of  scales  and  methods  of  working  at  several 
yards.  Appendix  D  is  a  description  of  the  methods  of  weighing  em- 
ployed by  two  railways  and  is  submitted  as  information.  It  should 
be  understood,  however,  that  the  practice  of  stopping  cars  on  the  scales 
is  not  desirable  or  necessary,  except  when  'weights  are  to  be  obtained 
with  extreme  accuracy.  As  a  rule  a  track  scale  will  not  give  exactly 
the  same  weight  for  a  car  that  is  weighed  repeatedly,  so  that  little 
(if  any)  gain  in  accuracy  results  from  stopping  cars  on  a  60- ft.  scale. 
When  scales  with  6o-ft.  platforms  are  built  to  wei^h  long  tons  and 
hundredweights,  and  when  cars  are  spaced  at  least  60  ft.  apart,  a  good 
weighmaster  will  get  correct  weights  at  speeds  up  to  at  least  ten  miles 
an  hour.  This  is  being  constantly  done,  and  with  satisfaction  to  both 
buyer  and  seller. 

In  regard  to  the  location  of  the  scales  on  hump  tracks,  the  recom- 
mendations made  to  the  Committee  in  1906  (but  not  presented,  no 
report  being  made  at   the   1907   meeting)    show   averages  as   follows : 

GRADE.  DISTANCE. 

Summit  to  scale 2.75  per  cent.  70  ft. 

Length  and   grade   of   scale 0.70  per  cent.  50  ft. 

Below   scale    2.70  per  cent.  190  ft. 

Next  grade   1.50  per  cent.  125  ft. 

Ladder  angle  8  deg.  12  min. 

Frog  angle  , 7  deg.  10  min. 

CONVEYING  CAR  RIDERS   IN   HUMP  YARDS. 

One  of  the  important  points  to  be  considered  in  the  operation  of 
hump  yards  is  the  method  of  bringing  the  car  riders  back  to  the  hump. 
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A  locomotive  with  car  has  been  used,  but  is  not  an  economical  or  sat- 
isfactory equipment  for  the  purpose.  At  the  Collinwood  yard  of  the 
Lake  Shore  &  Michigan  Southern  Railway  electric  trolley  cars  are. 
used,  and  particulars  of  this  service  have  been  furnished  by  Mr.  D.  C. 
Moon,  General  Manager.  It  appears  that  about  three  years  ago  the 
road  started  out  to  equip  this  yard  with  a  gasoline  car  for  carrying 
riders  back  to  the  hump.  They  were  not  successful  in  getting  it  to 
work,  and  last  fall  Mr.  Moon  installed  one  small  trolley  car 
especially  designed  for  the  purpose.  Since  then  they  have  built  two 
more  such  cars,  so  that  both  humps  at  Collinwood  are  equipped 
and  there  is  a  spare  one  for  reserve.  The  yard  was  not  constructed 
for  this  purpose,  and  one  of  the  switching  tracks  about  the  center  of 
the  yard  had  to  be  taken  for  the  use  of  this  car.  It  runs  to  the  base 
of  the  hump,  but  is  not  allowed  to  foul  any  of  the  switches  down  the 
hump.  Its  longest  travel  is  about  i,Soo  or  i,8oo  ft.,  and  it  plays  back 
and  forth  almost  continuously;  the  riders  catch  on  wherever  they  may 
find  it  most  convenient  by  walking  to  the  center  track  opposite  where 
they  last  stopped  a  car. 

This,  as  an  average,  probably  reduces  the  total  amount  of  walking 
about  one-half.  The  car  is  speeded  to  a  maximum  of  about  20  miles 
per  hour.  It  is  considered  very  successful.  At  times  when  they  ordi- 
narily employ  about  15  riders  on  a  hump,  the  general  yardmaster 
thinks  it  will  save  the  equivalent  of  two  to  three  men.  Where  they 
have  to  walk  back  all  the  distance  they  usually  travel  very  slowly,  and 
often  the  men  are  down  in  the  yard  and  work  is  stopped  at  the  hump 
waiting  for  riders  to  get  back.  With  the  new  method,  two  or  three 
men  are  coming  back  all  the  time  on  the  car,  which  immediately 
returns  for  more.  As  the  wages  of  two  or  three  riders  amounts  to 
$200  to  $300  per  month,  or,  on  the  night  and  day  tricks  $500  to  $600 
per  month,  and  each  motorman  is  paid  $50  per  month  for  12-hour  shifts, 
quite  a  saving  is  effected,  and  better  service  obtained  from  the  men. 
The  cars  cost  about  $800  each.  They  take  current  from  the  shop 
plant;  there  is  no  record  as  to  cost. 

The  car  has  7-in.  I-beam  side  sills  and  7-in.  channel  end  sills,  and 
is  mounted  on  four  36-in.  steel-tired  wheels.  The  size  is  13x5^^  ft. 
over  the  platform,  with  a  lo-in.  step  board  on  each  side,  gj/^  in.  above 
the  rail.  At  the  middle  is  a  cab  4  ft.x4  ft.  10  in.,  7  ft.  6  in.  high, 
containing  the  controllers,  brake-valve  handle,  electric  heater,  etc.  An 
air  compressor  and  storage  lank  are  on  one  end  of  the  platform,  and 
under   the    other    end    is    a    25-HP.    motor,    geared    to    the    axle.     The 
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platform,  is  2  ft.  10^  in.  above  the  rails,  and  is  surrounded  by  a  gas 
pipe  hand-rail,  affording  a  hold  for  the  men  on  the  step  boards.  The 
poles  for  the  electric  wire  are  2  ft.  6  in.  from  the  side  of  the  car,  and 
carry  very  short  bracket  arms,  the  trolley  pole  being  mounted  at  one 
side  of  the  roof  of  the  cab.  The  length  of  run  is  1,750  ft.,  and  can 
be    made    in   about   60   seconds. 

A  gasoline  motor  car  for  the  return  of  the  car-riders  has  been 
used  at  the  Galewood  yard  (Chicago)  of  the  Chicago,  Milwaukee  & 
St.  Paul  Railway.  Your  Committee  is  informed  that  the  results  have 
not  been  satisfactory,  as  the  car  has  many  weak  features.  These  could 
be  remedied,  and  the  car  would  then  be  more  desirable  than  a  locomo- 
tive for  this  purpose,  on  account  of  the  economy  in  operation.  At 
present  a  small  locomotive  is  used,  this  being  fitted  with  a  footboard 
at  the  side,  for  the  men.  The  cost  of  maintenance  of  the  motor  car 
and  the  locomtive  for  12  hours  is  given  as  follows : 

Motor  Car.  Locomotive. 

Engineman  $2.40  $2.40 

Fireman   1.80 

Coal,   iJ/$  tons   at  $2.10 3.15 

Water,  one  tank  50 

Gasoline,  13  gallons  at   11  cents 1.43  .... 

Total    $3-83  $785 

The  use  of  a  moving  sidewalk  for  carrying  car  riders  back  to  the  hump 
has  been  proposed  for  the  Gardenville  Yard  of  the  New  York  Central 
Lines. 

YARD  LIGHTING. 

In  designing  a  system  of  yard  lighting  we  should  consider  the 
necessities  in  each  case,  and  so  locate  the  lamps  as  to  distance  apart 
and  height  above  rails  as  to  give  a  distribution  of  light  that  will 
produce  the  most   satisfactory  results  with  the  least  possible   cost. 

At  points  where  work  is  concentrated,  or  the  movement  is  rapid, 
more  light  should  be  provided  than  where  the  tracks  are  straight  and 
movement  generally  slow  and  in  one  direction.  Under  the  latter  con- 
ditions the  distance  between  lamps  may  be  increased  to  such  spacing 
as  is  found  necessary  to  keep  cars  clearly  visible  at  all  times  within 
this  distance. 

The  effect  of  shadows  should  receive  full  consideration.  To  mini- 
mize this  effect,  the  lamps  should  be  placed  at  such  a  height  as  will 
produce  the  best  results,  and  reflectors  should  be  used   to   prevent  the 
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blinding  effect  on  the  men  and  to  concentrate  the  light  where  most 
needed.  The  form  or  shape  of  the  reflectors  will  vary  according  to 
the  location  of  lamps  and  the  directions  in  which  the  illumination  is 
desired.  As  a  rule  the  reflectors  should  be  so  placed  as  to  throw  the 
light  downward  and  outward  and  in  the  direction  of  the  movement  rather 
than  against  it,  and  so  as  to  make  the  flames  of  the  lamps  invisible  from 
approaching  cars,  except  at  short  distances. 

The  power  of  the  lamps  employed  governs  their  spacing  to  a  very 
great  extent,  but  lamps  of  lower  power  with  closer  spacing  will  produce 
a  better  diffusion,  and  be  therefore  more  generally  satisfactory  as  to 
results,  than  lamps  of  higher  power  and  wider  spacing.  The  higher  the 
lamps  are  placed,  the  greater  the  diffusion,  and  the  less  illumination  at 
the  level  of  the  ground,  and  therefore  the  less  effect  of  shadows.  It 
follows,  therefore,  that  where  the  most  light  is  required  the  lamps 
should  be  hung  low  and  the  spacing  should  be  close  enough  to  supply 
the  light  needed. 

It  is  generally  thought  that  lamps  of  nominal  2,000  candlepower, 
placed  at  a  height  of  not  less  than  28  ft.  above  the  ground,  are  most  efifi- 
cient,  and  that  the  radius  of  illumination  should  be  taken  as  2j^  times 
the  height.  We  would  thus  get  a  spacing  of  140  ft.  for  the  lamps  if  a 
high  degree  of  illumination  is  required.  This,  however,  is  more  than 
is  needed  for  lighting  classification  tracks,  and  it  is  recommended  that 
for  yard  purposes  the  lamps  be  hung  from  28  to  40  ft.  high,  and  that 
with  the  necessary  reflectors  they  be  spaced  150  to  300  ft.,  according  to 
the  amount  of  illumination  required. 

The  unit  system  of  lighting  from  towers  100  to  150  ft.  high  has 
much  to  recommend  it  for  yard  illumination.  By  the  use  of  lenses  and 
reflectors  the  light  may  be  utilized  to  a  much  greater  extent  than  is 
possible  with  lamps  that  are  hung  closer  to  the  ground,  and  intense 
shadows  are  avoided.     A  voltage  greater  than  500  should  not  be   used. 

FREIGHT  TRANSFER  STATIONS. 

The  object  of  a  freight  transfer  is  either  to  consolidate  freight 
into  the  least  number  of  cars  that  will  carry  it  the  greatest  possible 
distance  (or  to  the  next  transfer  point),  or  to  reload  freight  at  points 
near  destination  into  the  number  of  cars  necessary  to  complete  the 
movement  by  diverging  routes  to  the  several  destinations  to  which  the 
goods  are  consigned.  The  location  should,  therefore,  be  at  a  point  where 
traffic  converges  or  diverges  (or  both),  and  at  such  places  both  pur- 
poses may  frequently  be   served   at  the  same   station. 
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The  tracks  should  be  built  preferably  in  pairs.  Not  more  than 
four  tracks  should  be  used,  and  they  should  be  open  at  both  ends  to 
facilitate  the  movement,  and  make  it  possible  to  shift  or  place  cars 
with   the   least   possible   disturbance   and   interruption   of   the   business. 

The  length  of  the  main  platform  should  not  exceed  actual  require- 
ments, and  the  width  should  not  exceed  24  ft.,  that  the  distance  to  be 
traveled  by  truckmen  may  be  kept  within  reasonable  limits.  It  is  not 
desirable  to  have  more  than  two  lines  of  cars  on  each  side  of  the 
main  platform.  If  more  are  needed,  additional  platforms  about  8  ft. 
in  width  should  be  provided  outside  of  the  first  two  lines  of  cars,  as 
shown  in  Fig.  9,  so  that  the  movements  of  truckmen  may  not  be  im- 
peded. The  main  platform  should  be  covered  and  office  room  provided, 
but  the  additional  platforms  of  narrow  width  need  not  be  provided 
with  roofs. 

At  places  where  the  freight  to  be  transferred  consists  mainly  of 
packages  that  are  fairly  uniform  in  size  and  shape,  or  do  not  generally 
exceed  certain  dimensions,  mechanical  appliances  can  be  used  to  advan- 
tage. Conveyors,  carriers  and  telpherage  systems  have  been  so  used, 
but  in  handling  the  large  variety  of  goods  of  different  size,  weight  and 
bulk  at  a  general  transfer  no  method,  except  by  hand  trucks,  has  yet 
been  found  generally  applicable. 

Where  the  volume  of  freight  is  considerable,  the  Committee  suggests, 
that  instead  of  the  general  practice  of  transfer  over  fixed  platforms, 
some  advantage  can  be  gained,  both  in  time  and  cost,  by  transferring 
to  and  from  movable  platforms  or  transfers  operated  by  electric  motors 
or  gasoline  engines.  The  cars  from  which  freight  is  to  be  transferred 
would  be  placed  on  one  track,  and  the  cars  to  which  transfer  is  to  be 
made  on  another  track,  with  the  transfer  car  or  movable  platform  on 
an  intervening  track.  This  would  make  it  possible  for  the  transfer  cars 
to  reach  all  cars  placed  to  discharge  or  receive  lading. 

If  the  amount  of  freight  to  be  transferred  is  greater  than  can  be 
handled  over  one  transfer  platform  in  the  time  available,  another  track 
for  cars  to  be  transferred  and  another  transfer  car  and  track  can  be 
added,  as  shown  by  Fig.  10,  and  the  efficiency  doubled  by  loading  into 
both  sides  of  the  line  of  cars  into  which  freight  is  to  be  transferred. 
If  still  further  increase  is  found  necessary,  two  transfer  cars  may 
be  worked  on  one  track,  one  of  them  loading  while  ihe  other  is  un- 
loading, but  to  do  this  it  is  desirable  that  other  tracks  be  laid  outside 
of  the  lines  of  cars  to  be  transferred,  that  the  work  of  loading  the 
transfer  cars  may  not  interfere  with  the  work  of  unloading  them  into 
the  several  cars  to  which  the  goods  must  be  transferred. 
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It  is  desirable  that  at  any  transfer  the  cars  be  loaded  as  nearly 
as  possible  in  the  order  in  which  they  are  to  be  moved,  to  avoid  delay 
both  at  the  transfer  and  on  the  road.  At  transfers  with  fixed  platforms 
the  delays  caused  by  shifting  are  frequently  serious  and  largely  in- 
crease the  cost  of  operation,  but  with  the  use  of  movable  platforms, 
and  the  placing  of  all  cars  into  which  freight  is  to  be  transferred  on 
one  track,  it  is  thought  that  the  unavoidable  delays  will  be  greatly 
reduced  and  the  cost  diminished  thereby. 

A  plan  of  the  new  freight  transfer  yard  for  the  New  York  Cen- 
tral Ry.  at  Gardenville,  N.  Y.,  is  shown  in  Fig.  ii. 

RAILWAY   FREIGHT   HOUSES   AND   WAREHOUSES. 

Ordinary  freight  houses  have  been  dealt  with  in  earlier  reports 
of  this  Committee,  but  a  class  of  railway  freight  warehouse  which  is 
now  coming  into  use  is  that  which  combines  railway  and  commercial 
purposes.  Facilities  are  provided  for  cars  and  teams,  and  other  por- 
tions of  the  building  are  rented  to  merchants  and  others.  Thus  in- 
bound freight  can  be  sent  direct  to  storage,  and  outbound  freight 
sent  direct  to  the  car  platform  for  shipment.  This  arrangement 
saves  considerable  time  and  also  eliminates  much  of  the  heavy 
trucking,  or  teaming,  between  freight  houses  and  private  ware- 
houses, which  causes  congestion  in  city  streets.  The  business  is  of 
course  under  control  of  the  merchants'  city  offices  by  letter,  telegraph 
and  telephone.  The  requisite  space  is  afforded  by  a  number  of  storie."., 
as  the  areas  of  sites  available  are  usually  both  limited  and  expensive, 
and  special  facilities  must  be  provided  for  the  prompt  and  ready 
handling  of  freight.  The  warehouses  of  the  Newark  Warehouse  Com- 
pany (Central  Railroad  of  New  Jersey)  and  the  Pittsburg  Terminal 
Warehouse  &  Transfer  Company  (Pittsburg  &  Lake  Erie  Railway), 
are  examples  of  this  class  of  freight  warehouse,  and  are  described  in 
Appendix  E. 

Double-deck  Freight  Houses. — Double-deck  freight  houses,  with 
tracks  on  two  or  more  floors,  are  rarely  used,  but  may  be  found  to 
have  important  advantages  where  very  small  sites  on  city  property  of 
high  value  must  accommodate  a  heavy  business.  In  fact,  the  design 
of  freight  houses  in  large  cities  should  include  full  consideration  of 
methods  of  operating  cars  and  teams  on  at  least  two  levels.  Freight 
received  on  the  upper  floor  can  be  delivered  to  platforms  (for  cars  or 
teams)  on  the  lower  floor  by  various  devices.  In  the  same  connection, 
consideration  may  be  given  to  the  utilisation  of  other  floors  for  storage 
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or  warehouse  purposes,  as  noted  above.  The  track  and  team  floors 
may  be  reached  by  inclines  and  elevators,  the  cars  being  handled 
on  the  track  floors  by  capstans  and  turntables.  This  is  done,  in 
several  cases  in  Europe,  where,  however,  the  ordinary  freight 
cars  are  very  much  smaller  and  lighter  than  in  this  country.  The 
double-deck  arrangement  was  the  special  feature  of  a  freight  house 
designed  about  two  years  ago  for  the  Chicago  terminal  of  the  Pere 
Marquette  Railroad,  but  this  was  not  built.  In  the  double-deck  track 
arrangement  the  outbound  freight  was  to  be  handled  on  the  lower  floor, 
at  the  street  level.  The  inbound  freight  was  to  be  handled  on  the  upper 
floor,  having  an  inclined  approach  for  the  tracks  and  an  elevated  team 
driveway  from  Harrison  street  to  the  Polk  street  viaduct.  The  space 
available  was  very  limited,  lying  between  the  Grand  Central  Station 
and  the  freight  house  of  the  Chicago  Great  Western  Railway,  and  sep- 
arated from  the  latter  by  a  50-ft.  driveway.  The  end  frontage  was 
on  Harrison  street,  and  the  building  was  to  be  about  35  ft.  wide  and 
800  ft.  long.  The  general  arrangement  is  shown  by  the  cross  section 
in  Fig.  12. 


Fig.  12.    Cross-Section  of  Double-Deck  Freight  House. 


Local  City  Freight  Houses. — In  regard  to  the  utilization  of  small 
sites  for  city  terminals,  attention  may  be  called  to  two  terminals  on  the 
Harlem  River  at  New  York,  in  which  an  oval  freight  house  is  used, 
surrounded  by  tracks.  In  each  case  the  yard  is  served  by  car  floats 
and    teams.     The    newest    of    these    terminals    is    that    of    the    Central 
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Railroad  of  New  Jersey,  which  has  a  frontage  of  543  ft.  on  the  river, 
sides  500  and  310  ft.  long,  and  a  rear  of  350  ft.  The  freight  house  is 
placed  near  the  narrower  sjde  and  is  126x154  ft.  on  the  outside;  its 
width  is  40  ft.,  leaving  an  oval  courtyard  or  team  space  86x114  ft.  in 
the  center.  This  is  reached  by  a  driveway  through  the  building.  Two 
belt  tracks  encircle  the  building,  with  about  17  team  tracks  in  eight 
groups;  the  tracks  are  12  ft.  center  to  center,  and  the  nearest  tracks 
of  adjacent  groups  ;i6  ft.  center  to  center,  with  stone  block  paving  be- 
tween. Two  of  the  tracks  along  the  river  front  are  for  storage.  The 
yard  has  a  capacity  for  no  cars.  The  building  is  of  steel  construction, 
with  corrugated  iron  sheathing,  and  two  12-in.  fire  walls  of  concrete. 
It  is  a  one-story  structure,  with  skylights  over  the  scales,  except  that 
at  one  part  is  an  upper  story  for  office  purposes. 

FREIGHT    HANDLING   MACHINERY. 

Machinery  for  conveying  and  elevating  freight  is  largely  used  at 
factories  and  commercial  warehouses,  but  its  application  in  railway 
freight  houses  is  as  yet  very  limited.  This  is  in  part  due  to  the  vari- 
ety of  sizes,  shapes  and  weights  of  the  packages  to  be  handled,  but 
there  is  no  doubt  that  economy  in  time  and  cost  can  in  many  cases  be 
ensured  by  the  introduction  of  freight  handling  machinery.  Some  rail- 
way warehouse  conveyors  are  described  in  Appendix  E.  Most  of  the 
numerous  builders  of  conveying  machinery  have  apparatus  of  this  kind, 
among  which  may  be  included  the   following: 

Platform  elevators. 

Chain  elevators,  with  arms  for  barrels,  sacks,  boxes,  etc. 

Inclined  elevators  or  conveyors,  having  continuous  platforms  or 
belts,  or  chains  with  arms. 

Spiral  chutes  for  descending  freight;  having  a  spiral  sheet  iron 
platform. 

Spiral  and  inclined  chutes  for  descending  freight ;  having  a  floor 
formed  of  rollers. 

Horizontal  conveyors,  having  chains  with  arms,  a  continuous  plat- 
form or  belt. 

Telpherage  systems,  with  motor  trolleys  running  on  an  overhead 
rail  or  carrier,  and  picking  up  packages   or  trucks. 

The  materials  handled  include  bags,  sacks,  barrels,  packing  cases, 
rolls  of  wire,  bundles  of  steel  rods  and  wire,  and  boxes  of  all  sizes. 

One  firm  states  that  for  the  horizontal  distribution  of  freight  in 
freight  houses  and  similar  places  it  has  designed  a  system  which  would 
allow    small    cars    to    be    loaded    at    the    various    receiving    doors    ancj 
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pushed  on  a  slight  down  grade  onto  a  main  distributing  track  where  the 
car  would  be  taken  up  by  power  and  carried  around  a  circuit  having 
switches,  to  other  sidetracks  opposite  the  car-loading  doors.  The  opera- 
tion would  be  entirely  automatic,  as  the  car  would  carry  mechanism  for 
switching  it  onto  any  of  the  sidetracks  desired,  making  it  unnecessary 
for  any  man  to  follow  the  freight  about  in  distributing  it.  The 
cars  in  question  would  carry  trucks  for  running  the  freight  into  the 
various  cars  when  desired,  or  could  carry  the  freight  laid  on  them 
bodily.  For  handling  freight  in  warehouses  having  a  number  of  floors, 
it  uses  the  same  principle,  tray  elevators  discharging  the  packages  to 
any  floor  for  which  the  discharge  mechanism  may  be  set  by  the  man 
placing  the  freight  on  the  loading  arms. 

The  telpherage  system,  with  motor-trolley  carriers  running  on  an 
overhead  rail,  is  in  use  by  the  Old  Dominion  Steamship  Company  at 
Richmond,  Va.  It  is  used  for  handling  heavy  cargo  and  for  coaling 
the  steamers,  but  for  general  cargo  trucking  is  employed  as  being  the 
more  economical  system.  The  overhead  runway  extends  between  the 
wharf  and  the  railway  storehouse  and  cars.  The  system  handles  3-ton 
loads  in  special  trucks  which  can  be  wheeled  to  and  from  the  points 
reached  by  the  overhead  line.  Installations  of  this  kind  for  railway 
freight  houses  have  been  planned,  but  none  have  been  built. 

Freight  conveyors  are  in  use  at  several  steamship  docks.  The 
Rutland  Transit  Company's  pier  and  the  Western  Warehouse  Com- 
pany's pier  (Anchor  Line)  on  the  Chicago  River  have  inclined  con- 
veyors from  the  lower  to  the  upper  floor.  Each  consists  of  a  pair  of 
traveling  chains  with  transverse  bars  fitted  with  arms  which  engage  with 
the  barrels,  boxes  or  packages.  By  laying  hinged  sections  of  floor  at 
each  side  of  the  conveyor,  and  a  line  of  planks  in  the  middle,  the  con- 
veyor can  be  used  to  carry  up  ordinary  hand  freight  trucks.  The  men 
walk  up  the  planks,  and  the  wheels  ride  on  the  side  sections  of  floor- 
ing, while  the  conveyor  arms  engage  with  the  frame  or  axle  of  the 
truck.  Conveyors  of  the  same  kind,  but  with  transverse  planks  fitted 
to  the  chains  to  form  traveling  platforms,  may  be  used  in  piers  or 
freight  sheds,  projecting  far  enough  to  serve  the  deck  or  side  hatch 
or  port  of  a  vessel.  Conveyors  of  this  kind  are  in  use  at  the  piers 
of  the  Northern  Steamship  Company  at  Buffalo,  and  those  of  the 
Southern  Pacific  Company  at  New  Orleans  and  Galveston.  The  latter 
are  shown  in  Figs.  13  and  14.  They  are  pivoted  at  the  inner  end,  while 
the  outer  end  is  suspended  from  an  overhead  gallows  frame  to  allow  of 
adjustment  to  the  desired  level.  Each  platform  is  operated  by  a 
5-H.P.   electric  motor.     Elevating   conveyors   for  handling  bananas   from 
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steamers  are  also  shown  in  use  at  New  Orleans,  but  these  are  for  a 
special  purpose  rather  than  for  general  freight  handling.  Traveling 
platform  conveyors  of  the  kind  above  mentioned  are  used  in  unloading 
cotton  bales,  etc.,  from  vessels  at  Donaldsonville  on  the  Texas  & 
Pacific  Railway.  In  the  freight  house  at  the  dock  of  the  Minneapolis, 
St.  Paul  &  Sault  Ste.  Marie  Railway  at  Gladstone,  Mich.,  is  an 
endless  platform  conveyor,  extending  from  near  the  water  side  of  the 
dock  to  the  track  on  the  railway  side.  The  platform  consists  of  wooden 
slats  fitted  to  traveling  chains.  From  the  inner  end  of  the  conveyor 
runs  a  pivoted  extension  which  is  adjustable  to  any  desired  level  and 
which  projects  over  the  deck  or  through  the  side  hatch  of  a  vessel 
lying  at  the  dock.  This  is  driven  from  the  main  conveyor  by  means 
of  sprocket  chains  and  wheels. 

A  self-contained  conveyor  of  this  kind  now  being  used  to  load 
steamers  consists  of  a  pair  of  trusses  35  to  60  ft.  long,  carrying  an 
endless  platform  which  is  fitted  with  transverse  cleats.  This  is 
driven  by  gearing  from  an  electric  motor  fitted  between  the  trusses, 
so  that  the  conveyor  can  be  moved  about  like  an  ordinary  gangway. 
Flexible  conductor  cords  are  connected  up  at  suitable  plugs.  It  can 
be  fitted  with  a  counter  to  record  the  number  of  packages  handled. 
The  conveyor  extends  from  the  pier  to  the  deck  or  side  hatch  and  can 
be  driven  in  either  direction,  to  load  or  unload  cargo.  This  is  more 
expeditious  than  trucking,  especially  where  steep  inclines  are  required 
to  reach  the  vessel,  or  where  the  height  is  such  that  the  freight  has 
to  be  handled  by  steam  hoists.  By  means  of  a  sprocket  chain  connection, 
a  SO- ft.  horizontal  extension  can  be  driven  from  the  main  conveyor,  to 
distribute  or  collect  freight  on  the  dock  or  in  the  freight  house.  This 
device  may  be  adapted  to  railway  freight  house  work.  It  is  used  at  the 
steamer  docks  of  the  Old  Dominion  Steamship  Company  at  Norfolk, 
Va.  (Fig.  15),  the  Northern  Pacific  Railway  at  Duluth,  Minn.;  the  Great 
Northern  Railway  at  Seattle,  Wash.,  and  the  Tehuantepec  National 
Railway  in  Mexico.  In  connection  with  the  handling  of  cargo  at  steam- 
ship docks,  reference  may  be  made  to  some  traveling  cranes  used  at 
the  great  ocean  terminals  of  the  last  named  interoceanic  railway.  A 
steel  tower  60  ft.  high,  traveling  on  a  track  of  11  ft.  gage,  has  an  80  ft. 
steel  boom  which  passes  laterally  through  the  tower,  in  which  it  is 
pivoted  at  about  two-thirds  from  one  end.  In  the  boom  runs  a  hoist- 
ing trolley.  The  tower  is  traversed  along  the  track  to  be  in  line  with 
a  steamer  hatch  and  when  the  load  is  lifted,  the  trolley  runs  it  back 
to  deposit  it  on  cars  on  the  dock  or  deposit  it  in  the  freight  shed,  the 
rear  end  of  the  boom  extending  through  one  of  the  doorways.    There 
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are  eight  of  these  cranes,  fitted  with  electric  motors  for  ail  operations. 
Traveling  jib  and  gantry  cranes  for  handling  cargo  are  largely  used 
at  steamship  docks  and  piers,  more  especially  at  foreign  ports. 

CONCLUSIONS. 

The  Committee  recommends  the  following  changes  in  conclusions, 
and  the  recommended  principles  of  practice : 

HUMP   YARDS. 
CONCLUSIONS     AND     RECOMMENDED     PRINCIPLES     OF     PRACTICE. 

(i)  Hump  yards  should  consist  of  receiving,  classification,  and  de- 
parture tracks,  in  consecutive  order. 

(2)  A  hump  yard  is  a  desirable  form  of  yard  for  receiving,  classi- 
fying, and  making  up  trains,  because  cars  can  be  handled  through  it 
faster  and  at  less  cost  than  through  any  other  form  of  yard. 

(3)  Receiving  tracks  should  be  of  sufficient  length  to  hold  maxi- 
mum   trains    of   the   various   classes    handled. 

(4)  Receiving  tracks  should  be  sufficient  in  number  to  hold  a 
number  of  trains  arriving  in  quick  succession.  The  number  will  depend 
on  the  amount  and  character  of  trafiic  handled,  and  upon  the  relative 
location  of  the  yard  with  respect  to  the  other  yards  and  connections. 

(5)  If  it  is  possible,  the  grades  of  the  receiving  tracks  should 
be  such  that  one  engine  can  push  the  maximum  train  over  the  hump. 

(6)  No  definite  recommendation  can  be.  made  as  to  length  or 
number  of  classification  tracks  except  that  when  they  are  to  be  used 
as  departure  tracks,  they  should  be  long  enough  to  hold  full  tr.ains, 
and  that  when  conditions  permit,  there  should  be  as  many  of  them 
as  can  be  used  to  advantage  to  avoid  subsequent  classification  and  con- 
sequent delay. 

(7)  Departure  tracks  should  be  full  train  length  and  of  sufficient 
number  to  provide  ample  standing  room  for  trains  while  being  tested  for 
air,  and  while  waiting  for  engines. 

*(8)  An  air-brake  testing  plant  should  be  provided  in  the  departure 
yard;  the  tracks  should  be  piped,  and  sufficient  outlets  furnished  with 
hose  to  test  air  brakes  on  all  outgoing  trains. 

(9)  To  secure  the  greatest  possible  efficiency  or  to  so  construct  a 
hump  that  the  greatest  number  of  cuts  of  cars  may  be  classified  over 
it,  the  steepest  part  of  the  grade  should  be  reached  in  the  least  avail- 
able distance  after  passing  the  summit,  and  the  grade  or  fall  should 
provide  sufficient  momentum  to  carry  all  cars  lo  lower  ends  of  classifica- 
tion tracks. 


*See    amendment,    p.    542. 
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(10)  Where  cars  to  be  classified  are  largely  empty  or  light,  and 
the  scale  is  on  the  hump,  grades  are  recommended  for  average  condi- 
tions as  follows : 

The  summit  of  the  hump  should  be  reached  by  vertical  curves  with 
radius  of  about  1,500  ft.  that  raise  the  grade  about  one  foot  in  a  dis- 
tance of  60  ft.  The  curve  over  the  summit  to  be  continued  on  the 
descending  grade  a  distance  of  about  30  ft.  to  join  a  grade  not  exceed- 
ing 2  per  cent,  for  a  distance  not  exceeding  60  ft.  Thence  descending 
by  a  vertical  curve  with  radius  of  about  2,(X)0  ft.  a'  distance  of  40  ft. ; 
thence  descending  on  a  grade  of  4  per  cent,  a  distance  of  50  ft. ;  thence 
descending  by  a  vertical  curve  with  radius  of  about  5,000  ft.  a  distance 
of  about  155  ft.  to  join  a  grade  of  i  per  cent,  at  the  heads  of  the  ladder 
tracks.  Thence  down  through  ladder  tracks  and  turnouts,  i  per  cent. ; 
thence   down  through   classification  tracks,  0.5   per   cent. 

(11)  Where  cars  to  be  classified  are  largely  heavy  or  loaded,  and 
the  scale  is  on  the  hump,  the  sam.e  grades  are  recommended  for  use 
over  the  hump  as  for  light  cars,  but  as  the  proportion  of  light  cars 
diminishes  the  length  of  the  grade  of  4  per  cent,  may  be   reduced. 

It  is  recommended,  however,  that  the  length  of  the  4  per  cent,  grade 
be  at  least  25  ft. ;  that  the  grade  of  ladder  tracks  be  at  least  0.8  per 
cent.,  and  that  the  grade  of  classification  tracks  be  at  least  0.4  per  cent., 
where  conditions  permit. 

(12)  Where  traffic  or  climatic  conditions  require,  the  summit  of 
a  hump  may  be  made  higher  in  the  winter  and  restored  when  the  in- 
creased height  is  not  needed. 

(13)  When  required  by  traffic  conditions,  a  track  scale  not  exceed- 
ing 60  ft.  in  length  should  be  located  at  such  a  distance  from  the  summit 
of  the  hump  (30  to  40  ft.  is  recommended)  that  when  cars  to  be  weighed 
reach  the  scale  they  will  be  properly  spaced  from  following  cars  and 
will  be  running  slowly  enough  to  easily  secure  correct  weights.  The 
grade  over  the  scale  should  not  exceed  2  per  cent 

(14)  For  average  conditions  it  is  recommended  that  No.  8  frog 
be  the  sharpest  used  in   classification  yards. 

YARD    LIGHTING. 

(i)  For  yard  lighting  the  use  of  arc  lamps  of  2,000  candlepower 
is  recommended. 

(2)  For  lighting  hump  and  ladder  tracks,  the  lamps  should  be 
spaced  140  to  150  ft.  apart  and  hung  28  ft.   (or  more)   above  the  tracks. 

(3)  For  lighting  body  tracks,  the  spacing  should  be  such  that  cars 
will  be  clearly  visible. 
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FREIGHT  TRANSFER   STATIONS. 

(i)  Freight  transfer  stations  should  be  located  at  points  where 
traffic  converges,  or  diverges,  or  both,  and  wliere  necessity  exists  for  its 
consolidation  or  separation. 

(2)  The  installation  should  provide  for  the  greatest  possible  econ- 
omy of  operation  both  as  to  lime  and  cost  of  handling. 

(3)  Where  fixed  platforms  are  used,  they  should  be  covered,  and 
it  is  recommended  that  the  width  under  ordinary  conditions  be  not 
more  than  24  ft.,  and  that  the  tracks  on  either  side  be  built  in  pairs. 
If  greater  facilities  are  required,  additional  platforms  8  ft.  in  width 
may  be  provided  outside  of  the  first  two  tracks  and  additional  tracks 
placed  outside  of  them.  The  width  of  these  additional  platforms  may 
be  8  ft.  if  without  roofs,  or  12  if  covered  by  roofs  supported  by  a 
line  of  posts   in  the   middle. 

(4)  Where  large  amounts  of  freight  are  to  be  transferred,  the  use 
of  power-driven  covered  traveling  platforms,  instead  of  fixed  platforms, 
is  suggested. 

FREIGHT    HANDLING    MACHINERY. 

(i)  The  use  of  freight  handling  machinery  at  railway  freight 
houses,  warehouses  and  shipping  piers  is  worthy  of  consideration. 

Respectfully    submitted, 
F.   S.   Stevens,   Superintendent,  Philadelphia  &  Reading  Railway,   Read- 
ing, Pa.,  Chairman. 
E.    E.    R.   Tratman,   Resident   Editor,    Engineering    News,    Chicago,    111., 
Vicc-Chairmati. 

E.  P.    Dawley,   Engineer   of   Construction,    New    York,    New    Haven    & 
Hartford   Railroad,    New   Haven,    Conn. 

A.    C.    Everham,   Assistant   Tunnel   Engineer,   D.    R.    T.,    Detroit,    Mich. 

A.  P.  Greensfeluer,  St.  Louis,  Mo. 

F.  G.    Jonah,    Terminal    Engineer,    New    Orleans    Terminal    Company, 
New  Orleans,  La. 

Paul  Jones,   Superintendent,   Cincinnati  &  Muskingum  Valley   Railroad, 
Zanesville,   O. 

B.  H.  Mann,  Signal  Engineer,  M'issouri  Pacific  Railway,  St.  Louis,  Mo. 
J.  D.  Mason,  Chicago,  111. 

A.  Montzheimer,  Chief  Eng.,  E.,  J.  &  E.  R.   R.,  Joliet,  III. 

G.  F.  Morse,  Assistant  Engineer,  C.  R.   R.  N.  J.,  New  York. 

H.  J.  Pfeifer,  Engineer  Maintenance  of  Way,  Terminal  Railroad  Asso- 
ciation, St.  Louis,   Mo. 
M.  E.  Shire,  Hammond,  Ind.  Committee. 

AMENDMENT. 

(8)  An  air-brake  testing  plant  should  be  provided  in  the  receiving 
and  departure  yards,  the  tracks  should  be  piped,  and  sufficient  outlets 
furnished  with  hose   to   test   air  brakes   on   all   trains. 


Appendices  to  Report  on  Yards  and  Terminals. 


(A;     HUMP   YARD   AT    RUTHERFORD,     PA.     (PHILADELPHIA 
&   READING    RAILWAY.) 

A  hump  yard  of  recent  construction  is  located  at  Rutherford,  about 
five  miles  east  of  Harrisburg  on  the  line  of  the  Lebanon  Valley  Branch 
of  the  Philadelphia  &  Reading  Railway.  This  is  shown  by  Fig.  6. 
The  yard  is  located  on  a  summit,  with  original  grades  of  0.5  per  cent, 
descending  both  east  and  west  from  a  point  about  midway  between 
the  location  of  the  humps.  The  road  is  double  tracked  and  the  origi- 
nal center  line  passed  approximately  through  the  center  of  the  yard, 
but  in  the  relocation,  the  main  tracks  were  placed  outside,  with  ample 
room  allowed  for  extensions  of  the  yard. 

On  account  of  very  heavy  excavation,  a  large  portion  of  which  was 
limestone,  it  was  not  thought  advisable  to  make  the  cutting  deep 
enough  to  take  full  advantage  of  the  almost  ideal  conditions  as  to 
grades  that  were  presented  at  the  location.  Therefore  the  grades  of  the 
eastward  classification  j-^ard  were  made  somewhat  heavier  than  desir- 
able, with  the  result  that  more  car  riders  are  required  than  would 
otherwise  be  needed,  and  the  use  of  brakes  is  imperative  to  prevent  ex- 
cessive speed.  There  are  23  tracks  provided  for  eastbound  classifica- 
tion and  13  for  westbound  classification.  Nearly  all  frogs  in  yard 
tracks  are  No.  8,  and  in  main  tracks  No.  10. 

For  a  period  of  30  days  the  results  have  been  as  follows : 

Eastward.     Westward. 

Cars  passed   over   hump   30   days 36,750  33,40O 

Cars  passed  over  hump  24  hours 1,520  i,390 

Cars  passed  over  hump    i    hour 93  104 

Average    cuts    per    train 21.7  20.9 

Car    riders     employed 35  23 

Switchmen  8  6 

Percentage  of  cars  weighed 39  20 

Total  cost  per  car  handled  through  yard 0.137  0.098 

Cars  moving  eastward  are  nearly  all  loaded,  and  a  large  percent- 
age of  them  are  steel  cars  of  high  capacity,  and  on  account  of  the 
mixed  condition  of  trains  on  arrival  and  the  wide  distribution  and 
large  number  of  groupings  to  be  made  for  delivery  at  destination  the 
cuts  average  about   1.5  cars  per  cut.     The   westward  movement   consists 
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largely  of  empty  coal  cars  that  must  be  grouped  for  delivery  to  three 
connecting  lines.  The  through  loaded  cars  are  grouped  in  the  same 
way,  and  the  grouping  of  cars  consigned  to  large  industries  and  deliv- 
eries within  the  switching  limits  of  Harrisburg  require  the  use  of  the 
remainder  of  the  tracks  available  for  westward  classification.  The 
cuts  average  about  1.6  cars  per  cut. 

Cars  that  require  repairs  are  cut  out  at  the  hump  and  are  dropped 
on  to  tracks  parallel  with  the  ladders,  from  which  they  are  taken  by 
switching  engines  and  delivered  on  the  shop  tracks  properly  grouped  as 
to  the  character  of  the  repairs  to  be  made.  Cars  of  merchandise  to 
be  transferred,  stock  to  be  fed  and  watered,  and  cars  to  be  held  for 
any  reason,  are  cut  out  at  the  humps  in  the  same  mamicr  and  placed 
on  proper  tracks  until  ready  for  further  movement. 


(B)     DP:VEL0PMENT    in    hump    yards   on   the   PENNSYL- 
VANIA     SYSTEM. 

The  following  valuable  information  has  been  furnished  by  Mr.  W.  C. 
Gushing,  Chief  Engineer  of  Maintenance  of  Way  of  the  Pennsylvania 
Lines  (Southwest  System).  The  information  was  obtained  from  the 
operating  officer  in  charge  of  each  of  the  yards  in  question,  and  the 
opinion  of  each  one  is  given  in  the  answers  submitted  below.  These 
answers  refer  to  the  following  questions : 

(i)  Have  any  changes  or  modifications  been  niade  in  the  plan  since 
it  was  drawn  up  in  1905 ;  and  if  so,  will  you  kindly  advise  the  reason 
therefor  and  the  character  of  the  changes? 

(2)  Give  the  approximate  speed  in  mile.=  per  hour  of  cars  when 
entering  the  classification  tracks. 

(3)  What,  in  your  opinion,  is  the  proper  speed  which  cars  should 
have  when  entering  the  classification  tracks  when  said  tracks  are:  (a) 
on  a  grade  of  0.4  per  cent. ;  (b)  when  the  classification  tracks  are  level 
and  about  2,500  ft.  long? 

Profiles  and  plans  of  several  of  the  yards  where  changes  have  been 
made  are  given  in  Figs.  16  to  24.  These  show  the  old  and  new  pro- 
files of  the  humps.  The  conditions  of  some  of  these  yards  have  been 
given  in  Table  No.  i.  Table  No.  2  shows  the  car  capacities  of  the 
yards  mentioned. 

Enola. —  (i)  The  only  change  made  is  that  the  westbound  hump 
has  been  elevated  about  7  ft.,  as  it  was  not  high  enough  for  the  purpose 
for  which  it  was  intended.  The  eastbound  hump  gives  perfect  satisfac- 
tion with  loaded  cars  of  any  weight  at  any  season.     (Fig.    16.) 

(2)  On  the  eastbound  hump  the  very  best  results  are  obtained 
when  the  cars  are  moving  at  a  speed  of  six  miles  per  hour,  passing 
over  the  switches  at  the  entrance  of  the  classification  tracks.  Over 
the  westbound  hump,  which  is  used  for  empty  cars  exclusively,  the 
speed  for  cars  passing  over  the  switches  at  the  entrance  of  the  classifi- 
cation tracks  runs  from  12  to  15  miles  per  hour. 

(3)  (a)  The  above  speeds  are  about  the  proper  ones  for  a  classi- 
fication yard  on  a  grade  of  0.4  per  cent,  (b)  Where  the  classification 
tracks  are  level  for  about  2,500  ft.  the  cars  should  enter  the  tracks  at 
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a  speed  of  at  least  15  miles  per  hour  to  run  to  the  extreme  end  of  the 
tracks. 

Harrisburg. — (No  change. ) 

Coniuay. —  (i)  There  have  been  many  changes  made,  as  shown  on 
the  plan,  but  they  were  made  to  increase  the  track  facilities  and  lessen 
the  cost  of  operation.     (Fig.   17.) 

(2)  On  April  10,  1907,  some  tests  were  made  and  the  results  arc 
given  further  on. 

(3)  (a)   Eight  miles  per  hour,     (b)  Twelve  miles  per  hour. 
Greenville. —  (i)     After  the  hump  was  put  in  use  it  was  found  that 

the  cars  stuck  on  the  curve  at  the  head  of  the  yard  on  account  of  the 
grade  not  being  great  enough  to  carry  them  around  the  curve.  The 
hump  was,  therefore,  raised,  and  the  grade  increased  3  per  cent.  Since 
this  change  was  made  no  trouble  has  been  experienced  with  the  cars 
sticking  on  the  curve.     (Fig.  8.) 

(2)  About  six  miles  per  hour. 

(3)  (a)  About  seven  miles  per  hour,     (b)   About  14  miles  per  hour. 
Columbus. —  (i)     No   changes. 

(2)  Eight  to  ten  miles  per  hour. 

(3)  (a)  About  ten  miles  per  hour,  (b)  About  15  to  18  miles  per 
hour.  It  would  not  be  practicable,  however,  to  operate  at  such  a  high 
speed  at  this,  and  it  seems  to  us  that  a  hump  should  be  constructed  to 
give  the  average  car  a  speed  of  about  ten  miles  per  hour. 

Alexandria  {ISPame  Changed  to  Potomac  Yard). —  (i)  Modifications 
were  made,  as  shown,  for  the  reason  that  cars  had  not  sufficient  momen- 
tum when  passing  the  hump. to  carry  them  to  the  proper  position  in  the 
classification  tracks.  This  was  due  to  the  strong  northwesterly  wind, 
cold  weather,  and  the  large  percentage  of  box  car  freight,  some  lightly 
and   some   heavily   loaded.     (Fig.    18.) 

(2)  The  speed  varies  according  to  track  conditions,  and  the  speed 
at  which  the  various  cuts  precede  each  other.  The  drafts  are  pushed 
toward  the  summit  at  a  speed  of  two  miles  per  hour.  After  passing 
the  summit  the  speed  is  regulated  in  accordance  with  the  track  con- 
ditions; that  is,  if  the  track  near  the  base  of  the  hump  is  full  of  cars, 
the  speed  is  regulated  so  as  to  go  to  the  proper  position  in  the  track 
and  couple  at  a  speed  of  not  over  two  miles  per  hour. 

(3)  (A)  See  answer  to  No.  2. 

Edge  Moor. —  (i)  Changes  have  been  made,  as  shown.  The  reason 
for  these  changes  was  to  get  more  room  in  the  classification  yards  and 
get  freer  movements  for  the  cars.     This  required  higher  humps  and  the 
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removal  of  crossovers,  and  the  substitution  for  them  of  turnouts  ,in  the 
north  end  of  the  southbound  classification  yard  and  the  south  end  of  the 
northbound  classification  yard.  The  scales  have  been  moved  from  the 
southbound  hump  because  there  were  not  very  many  cars  to  be  weighed 
on  the  southbound  side,  and  the  hump  would  be  easier  and  cheaper 
to  maintain   without  scales.     (Fig.   19.) 

(2)  About  14  miles  per  hour  southbound,  and  12  miles  per  hour 
northbound. 

(3)  (a)  13  miles  per  hour,  (b)  15  miles  per  hour.  Every  classi- 
fication yard  should  have  a  descending  grade. 

Logansport. —  (i)  No  changes.  (2)  Eight  miles  per  hour.  (3) 
(a)    Six  miles  per  hour,     (b)    Fifteen   miles   per   hour. 

Crestline. —  (i)  No  change.  (2)  No  report.  (3)  Same  as  for 
Conway. 

Marysville. —  (i)  Changes  in  humps  shown  on  plan.  They  were 
brought  about  by  the  fact  that  it  was  demonstrated,  by  trial,  that  the 
grades    as   now  built  worked   better   than    those    proposed.     (Fig.    20.) 

(2)  On  the  eastbound  hump,  when  the  weather  conditions  are 
good,  cars  leave  the  high  point  on  the  hump  slowly  and  run  down  the 
ladder  at  a  speed  of  from  four  to  six  miles  per  hour.  This  is  greatly 
reduced  in  passing  from  ladder  to  yard  tracks,  due  to  the  turnout  being 
short  and  in  some  cases  the  cars  stop.  After  they  make  this  turn  they 
gain  a  speed  of  from  eight  to  ten  miles  per  hour,  unless  checked  by 
draft  riders.  Westbound,  the  empty  cars  move  very  slowly,  particularly 
on  the  west  side  of  yard,  or  on  the  long  line  leading  from  hump,  as 
there  is  not  much  grade  on  it.  The  loaded  cars  run  very  well.  Cars 
are  supposed  to  enter  the  classification  tracks  at  a  speed  not  exceeding 
four  miles  per  hour,  but  on  account  of  the  short  turnouts  in  both 
classification  yards  it  is  necessary  at  times  to  enter  the  tracks  at  a 
greater  rate  of  speed.  The  fact  that  some  cars  run  better  than  others 
often  causes  an  irregular  movement,  as  not  all  of  the  draft  riders  are 
familiar  with  the  relative  speed  of  cars. 

(3)  (a)   About  ten   miles  per  hour,     (b)  20  to  25  miles  per  hour. 
S'cjJ/y.— No    information    from    the    Superintendent,   but   no    changes 

have  been  made  in  the  plan.  I  have  been  advised,  in  conversation,  that 
the  yard  works  with  eminent  satisfaction. 

Bradford. —  (i)  The  changes  made  were  necessary  on  account  of  the 
construction  of  additional  tracks  in  the  westbound  receiving  and  classi- 
fication yards,  and  the  building  of  a  second  main  track  through  the  yard. 

(2)  Five  to  twelve   miles   per   hour.     (Fig.   21.) 

(3)  (a)  About   five   miles   per    hour   with   weather   and   track   con- 
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ditions  favorable.  As  these  cannot  be  controlled  the  hump  should  be 
arranged  to  give  the  cars  a  speed  of  from  six  to  eight  miles  per  hour 
when  entering  the  classification  tracks,  (b)  i8  to  20  miles  per  hour, 
but  this  is  too  high  a  rate  of  speed  to  operate  over  hump  tracks. 

Ebeiiezcr. —  (i)  The  plan  as  formerly  given  was  not  quite  correct, 
but  has  been  corrected  on  the  one  now  reproduced.  (2)  Eight  miles 
per  hour.  (3)  (a)  Eight  miles  per  hour,  (b)  About  twelve  miles  per 
hour.     (Fig.    22.) 

Honey  Pot. —  (i)  No  change.  (2)  Approximately  four  miles  per 
hour.  (3)  (a)  Six  miles  per  hour,  (b)  Eight  miles  per  hour.  (Fig. 
22.) 
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Richmond. —  (i)  In  1905  the  scales  were  placed  on  the  hump  track 
to  facilitate  car  movements.     (Fig.  23.) 

(2)  Empty  cars  about  3.5  miles  per  hour,  and  loaded  cars  5.3 
miles  per  hour.  These  speeds  carry  the  cars  about  600  ft.  along  the 
classification  track  at  a  very  low  rate  of  speed.  The  speeds  were  taken 
by  thning  a  number  of  cars  by  a  stop  watch.  Observation  shows  that 
the  hump  is  not  fast  enough,  as  the  work  is  often  delayed  by  the  yard 
engine  pushing  cuts  to  the  west  end  of  the  classification  track,  the 
only  exception  being  the  straight  track  where  no  trouble  of  this  kind 
is  encountered. 

(3)  (a)  Five  to  seven  miles  per  hour,  (b)  Nine  to  twelve  miles 
per  hour. 
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Limvood. —  (i)  No  change.  (2)  Eight  to  ten  miles  per  hour.  (3; 
(a)    Six  to  eight  miles  per  hour,     (b)   Twelve  miles  per  hour. 

Mansfield.— (i)  No  changes.  (2)  No  answer.  (3)  Same  as  for 
Conway. 

Youngwood. —  (i)  No  change,  except  to  reduce  the  grade  of  the 
approach  to  0.5  per  cent.,  so  as  to  allow  single  shifting  engines  to  handle 
larger  drafts  of  cars. 

(2)  About  five  miles  per  hour,  providing  the  cars  are  allowed  to 
drop  singly  in  the  classification  tracks. 

(3)  No  answer. 

Altoona. —  (i)  Changes  have  been  made  in  the  hump,  as  shown  on 
the  plan,  until  the  present  profile  is  now  considered  the  best  possible 
to  meet  the  requirements.     (Fig.  24.) 

(2)  No   answer. 

(3)  (a)  If  the  track  on  which  the  car  enters  is  clear  for  a  dis- 
tance of  approximately  2,500  feet,  the  car  should  not  exceed  a  speed 
of  from  four  to  eight  miles  an  hour.  If,  however,  the  track  is  very 
nearly  filled  with  cars,  the  entering  car  should  not  exceed  a  speed  of 
four  miles  an  hour,  and  be  under  perfect  control  of  the  brakeman  so 
that  no  draft  collision  would  result,  (b)  When  the  track  is  empty  for 
the  distance  mentioned  above  the  speed  on  entering  should  be  about  twelve 
miles  per  hour,  in  order  that  the  car  would  run  to  the  extreme  end  of 
the  track.  If,  however,  the  track  is  filled,  the  car  should  enter  at  a  speed 
of  from  four  to  eight  miles  per  hour. 

TESTS     OF    OPERATION     OF     SWITCHING     HUMPS     AT     CONWAY;     PENNSYLVANIA 

LINES. 

Particular  attention  was  given  to  the  data  for  No.  12  (Slant  Yard) 
Hump,  and,  as  far  as  possible.  Table  No.  3  shows  a  comparison  of  re- 
sults between  the  tests  made  on  the  old  grade  as  compared  with  the  new" 
grade,  the  relative  rates  of  descent  being  graphically  shown  on  the  profile. 
It  will  be  noted  that  the  number  of  tests  for  the  average  speed  of  all 
cars  does  not  equal  the  sum  of  tests  for  cars,  loaded  and  empty,  which 
stalled  and  cleared  the  long  and  short  ladders.  This  is  due  to  the 
elimination  of  some  tests  for  speed  (when  brakes  were  set  or  cars 
poled   from  near   summit)    which, 

1.  Would  be  a  fair  test  of  clearing  the  ladder  if  in  the  first  case 

the  cut  ran  to  clear  in  spite  of  the  brakes  being  set,  or 

2.  When   assisting   with    pole    from    near    summit   indicated    that    it 

would  not  run  to  clear  unaided. 
On    the   other   hand,    many   cuts    for    which    speed    was    taken    were 
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necessarily  eliminated  from  llie  clearing  tests  because  tlicy  were  blocked  by 
cars  ahead  or  because  the  clearance  record  was  missing. 

There  was  a  good  improvement  in  the  average  speed  of  cars  on  the 
new  grade  of  No.  12  hump  compared  with  the  average  speed  on  cars 
on  this  hump  on  the  former  test;  also  a  much  larger  percentage  of  both 
loaded  and  empty  cars  ran  into  clear  the  No.  7  turnouts  on  the  long 
ladder  than  formerly,  which  is  due  to  the  hump  being  raised  two  feet 
since  the  test  of  September  17  was  made,  as  shown  on  the  profile. 
When  the  first  test  was  made,  September  17,  1906,  the  weather  was  very 
'mild  and  moderate;  whereas,  on  April  10,  1907,  when  the  latter  test  was 
held,  the  temperature  was  about  25°  F.,  with  light  snow  and  heavy 
northeast  wind.     The  profile  is  shown  in  Fig.   17. 

TVBLE   NO    3.— TESTS  OF  SWITCHING  HUMPS  AT  CONWAY— PENNSYLV.A.NIA 

LINES. 


1.  Ave.  grade  on  which  cars 

accelerate length 

2.  Ave.  grade  on  which  cars 

accelerate per  cent 

3.  Max.  grade  for  50  ft 

4.  Max.  grade  is  between  sta- 

tions  

5.  Min.  grade  for  50  ft 

6.  Min.  grade  is  between  sta- 
tions 


7.  Ave.  speed  of  all  cars,  miles 

per  nour 

8.  Ave.  speed  of  loaded  cars. 

9.  Ave.  speed  of  empty  cars. 

10.  Loaded  cars  cleared,  long 

ladder 

11.  Empty   cars   cleared,   long 

ladder 

12.  Loaded  cars  cleared,  short 

ladder 

13.  Empty  cars  cleared,  short 

ladder 

14.  Max.  speed  of  cuts,  loaded. 

15.  Max.  speed  of  cuts,  empty. 


No.  4. 


450  ft. 

1 .95% 
2.20% 

Oto  0  +  50 

1.76% 


No.  5. 


700  ft. 


1.61% 
2.14% 


0  +  50  to  1 

0.78% 


3  to  3  +  50  1+50  to  2 


No.  7.         No.  12 

Old  Grade.  I 


No.  12 
New  Grade. 


150  ft. 

3.25% 
3.46% 

1  to  1+50 

2.98% 

Oto  0  +  50 


350  ft. 

1.87% 
2.68% 

Oto  0  +  50 
1.04%.! 

1  to  1+50 

4.7 
4.9 
4.2 

60% 

None 

96% 

50% 
6.8 
6.4 


400.ft. 

2.30% 
4.00% 

+  50  to  2  +  40 
1.04% 

1  to  1+50 

11.8' 
12  2 

i6;7 

94% 

26% 

96% 

100% 
15.5 

13.7 


Note. — Speeds  taken  610  ft.  below  summit,  for  a  distance  of  144  ft.  for  old  grade 
and  72  ft.  for  new  grade. 

TESTS  OF  NO.  12  HUMP  (SLANT  YARD). 


Cars 

C\its 

Riders 

Start  to  last  cut.  . 
1st  cut  to  last  cut. 
Lost  time 

Actual  time 


.\ve.  speeds,  m.  p.  h. 
Times      stopped      foi 

riders,  etc 

Cars  stalled  or  helped 


32 
21 


22  m.  0  s, 


6.40 

15.20 

9.5-11.8 

Twice 
4 


47 

25 

12 

17.55 

13.50 

2.20 

( 15.35 

t 11.30 

10.7-15. 

Twice 
3 


57 
10 
12 
13.15 
8,00 


7.4-9.6 


24 

16 

12 
8.25 
6.35 
0.50 
7.35 
5.45 


31 
15 
11 
13.15 
11.05 
5.40 
7.35 
5.26 


10.7-14.6  8.5-13 


Once 
2 


Once 
10 


46 

17 

12 
19.35 
13.35 

5.10 
14.25 

8.25 
11.2-15  5 

Once 
3 


32 

15 

12 
25.30 
19.50 
11.50 
13.40 

8.00 
9.9-13.7 

Once 
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(D)     METHODS    ADOPTED    IN     WEIGHING     CARS     ON     THE 
C,  L.   S.  &  E.  RY.  AND  A.,  T.  &    S.   F.  RY. 

As  stated  in  the  report,  the  Committee  is  distinctly  in  favor  of 
weighing  cars  in  motion,  provided  that  proper  equipment  and  methods 
are  employed.  The  following  particulars  of  the  practice  in  weighing 
cars  at  the  South  Chicago,  Indiana  Harbor  and  Buffington  yards  of 
the  Chicago,  Lake  Shore  &  Eastern  Railway  have  been  furnished  by 
Mr.  M.  F.  M'cCann,  Chief  Weighmaster,  through  Mr.  J.  Kirk,  Super- 
intendent. Those  for  the  Atchison,  Topeka  &  Santa  Fe  Railway  have 
been  furnished  by  Mr.  F.  C.  Maegly,  Assistant  General  Freight  Agent, 
in  charge  of  the  Weighing  Bureau. 

Chicago,  Lake  Shore  &  Eastern  Ry. — We  have  in  service  six  scales, 
with  another  almost  complete  in  the  South  Works  yards.  No.  i  scale  is 
located  in  the  train  yard  at  the  south  end,  and  is  used  chiefly  for  the  pur- 
pose of  weighing  carloads  of  stone,  coal  and  coke,  received  from  the 
mines,  quarries  and  coke  ovens.  No.  2  scale  is  located  on  the  east  side, 
between  yards  J  and  K,  and  performs  miscellaneous  weighing  service,  such 
as  pig-iron,  flue  dust  and  other  commodities  moving  locally  between  the 
various  plants.  No.  3  scale  is  located  in  the  slab  yard,  and  performs  the 
service  of  weighing  the  total  output  of  all  the  steel  rails  manufactured  at 
the  South  Works  steel  mills.  No.  6  scale  is  located  in  yard  B  at  the  north 
end.  This  scale  is  used  for  the  purpose  of  weighing  structural  iron, 
billets  and  ore  (during  the  ore  season).  No.  7  scale  is  located  at  Indi- 
ana Harbor,  Ind.,  and  is  used  for  the  purpose  of  weighing  coke  received 
from  all  eastern  lines,  excepting  coke  received  at  Colehour  from  the 
P.,  C,  C.  &  St.  L.  Railway,  which  is  weighed  at  No.  i  scale.  No.  8 
scale  is  located  at  Buffington,  Ind.,  and  is  entirely  used  for  the  purpose 
of  weighing  cement,  and  what  stone  and  coal  is  used  at  the  Buffing- 
ton plant. 

The  capacity  of  each  scale  is  200,000  lbs.,  which  can  be  increased 
to  220,000  lbs.  if  necessary.  However,  this  is  very  seldom  done,  as  few 
cars,  if  any,  in  fact,  will  weigh  over  200,000  lbs.  The  average  number 
of  cars  weighed  daily  on  each  scale  at  the  South  Works  is  225.  The 
daily  average  for  the  Buffington  and  Indiana  Harbor  scales  is  150  cars. 
The  time  consumed  in  weighing  is  about  2  or  possibly  2]A  cars  per 
minute.  ill 

All    of    our    scales    are    the    standard    regulation    Fairbanks    railway 
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track  scales.  The  platforms  are  from  42  ft.  to  45  ft.  long,  and  all  are 
equipped  with  weighing  beams  6  ft.  3  in.  long.  We  also  have  an  attach- 
ment underneath  the  poise  which  stamps  the  weight  of  the  car  on  the 
scale  tickets  (3H  ft.  x  i^  in.),  thus  preventing  the  weighmaster  from 
reading  his  weighing  beam  wrong  after  the  car  is  weighed.  The  only 
chance  left  to  make  errors  would  be  for  the  weighmaster  to  read 
wrong  in  copying  from  the  scale  tickets  to  the  weigh-sheets,  which  are 
used  for  the  purpose  of  records  after  the  weighing  is  done. 

As  to  the  method  of  weighing  cars,  our  rules  are  to  stop  each  car, 
both  loaded  and  empty,  dead  still  on  the  scale,  and  have  it  free  from 
binding  at  both  ends.  Bell  signals  are  given  by  the  weighmaster  to 
indicate  that  the  car  is  weighed,  others  following  in  the  same  order. 
This  system  will  ahnost  enable  the  Illinois  Steel  Company  to  give  a 
guarantee  with  every  car  that  is  weighed,  excepting  conditions,  of  course, 
that  might  affect  our  weights  and  over  which  our  weighmasters  would 
have  no  control,  such  as  mechanical  defects  in  the  scale,  weather  con- 
ditions, etc.  As  to  accuracy,  there  is  a  slight  variation,  as  always  will 
be,  between  trading  weights  and  those  obtained  on  the  track  scales.  At 
the  same  time  the  amount  involved  on  account  of  variations  would 
hardly  be  enough  to  interfere  with  railway  earnings  to  any  great 
extent. 

Atchison,  Topeka  &  Santa  Fe  Railway  System. — The  Santa  Fe  lines 
are  seeking  to  get  correct  weights  applied  upon  shipments  of  carload 
freight.  To  this  end  it  is  necessary  to  maintain  the  scales  in  correct 
weighing  condition  and  man  them  with  competent  weighmasters,  and 
then  arrange  to  have  each  car  placed  upon  the  scales  in  a  manner  admit- 
ting of  a  correct  weight  being  ascertained  and  recorded. 

Many  tests  have  been  made  to  demonstrate  whether  or  not  cars  can 
be  weighed  accurately  while  moving  and  coupled  together.  Under  con- 
ditions which  are  ideal,  the  variations  between  moving  and  static 
weights  can  be  reduced,  but  we  have  not  as  yet  succeeded  in  eliminating 
a  percentage  of  error  sufficient  to  make  it  seem  safe  to  use  moving 
weights.  On  the  other  hand,  the  time  directly  chargeable  to  the  weighing 
of  cars  standing  and  uncoupled,  as  compared  with  cars  coupled  and  mov- 
ing, is  the  difference  occupied  at  the  scale  under  the  two  methods.  This 
difference  will  approximate  anywhere  from  10  to  30  seconds  to  the 
car,  depending  upon  the  zeal  with  which  the  switching  crews  apply 
themselves  and  the  competency  of  the  weighmaster.  In  our  judgment, 
greater  care  will  have  to  be  exercised  by  the  railways  generally  in  the 
weighing  of  carload  freight  and  in  the  light  weighing  and  restenciling 
of  freight  equipment.  Shippers  are  not  satisfied  with  the  assurance 
that  if  an  overcharge  happens  to  be  made  on  one  car  it  is  offset  by  an 
undercharge  on  another  car,  and  wherever  weighing  is  done  upon  that 
principle  the  claim  department  will  be  preoccupied  in  the  settlement  of 
items  representing  the  overcharges. 

The  weighing  is  spread  over  the  entire  system,  and  in  that  way  it 
is  done  at  or  near  the  initial  shipping  points,  and  it  is  not  crowded 
into   a   limited   number  of   freight   yards.    We    prefer   to    weigh   at   the 
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ends  of  divisions  where  switch  engine  service  is  maintained,  as  compared 
with  an  intermediate  track-scale  station.  Onr  standard  lOO-ton  scales 
are  nearly  all  located  at  an  elevation  of  about  lo  or  12  inches,  so  that 
when  cars  are  shunted  from  the  scale  platform  they  will  run  into  the 
clear.  Some  of  our  scales  are  located  in  tracks  used  for  the  regular 
movement  of  cars  through  the  yard,  while  others  are  located  in  special 
side  tracks  to  which  cars  must  be  moved  for  weighing.  All  scales  have 
dead  rails. 

All  carload  freight,  and  empty  cars  light  weighed  for  restenciling, 
are  weighed  standing  and  uncoupled.  Live  stock  is  the  only  commodity 
weighed  with  cars  coupled  and  moving!  Owing  to  the  varying  lengths 
of  live  stock  equipment,  ranging  from  30  to  40  ft.,  we  have  been 
obliged  to  reduce  the  speed  to  a  maximum  of  two  cars  over  the  scale 
per  minute.  The  average  is  about  iy2  cars  over  the  scale  per  minute. 
We  do  not  weigh  cars  moving  and  coupled  at  any  track-scale  station, 
except  as  noted.  A  report  that  has  just  reached  us  contains  the  fol- 
lowing record  of  performance  by  hand  with  type-registering  beam  on 
46-ft.  100-ton  scale,  with  cars  uncoupled  at  both  ends.  The  average  is 
45  seconds  per  car : 

10  cars  in    8  mins.  6  cars  in  4  mins.  9  cars  in     g  mins. 

15      "      "    II      "  II      "      "     9      "  13      "      "    10     " 

18     "     "    16     "  8     "     "     6     "  12     "     "     9     " 

The  length  of  scale  platform  of  our  loo-ton  standard  is  46  ft.,  and 
the  standard  capacity  of  scales  is  100  tons.  All  scales  of  Santa  Fe  stand- 
ard are  equipped  with  type-registering  beams.  The  maximum  number 
of  cars  weighed  per  day  over  any  Santa  Fe  track  scale  will  not 
exceed  300  cars.  Where  more  than  that  number  are  weighed  daily,  the 
company  has  several  scales  in  operation,  each  being  located  as  con- 
veniently as  possible  for  the  weighing  performed  thereon.  The  distance 
from  the  edge  of  the  scale  to  the  switch  connecting  weighing  track  and 
dead  track  is  75  ft.  The  net  weight  in  a  majority  of  instances  is  ascer- 
tained by  deducting  the  stenciled  tare,  although  in  some  instances,  where 
the  maximum  accuracy  is  required,  cars  are  weighed  loaded  and  empty. 


(E)     RAILWAY  FREIGHT  HOUSES    AND   WAREHOUSES. 

NEWARK^    N.    J. 

I.  This  freight  station  and  warehouse  was  built  by  the  -Newark 
Warehouse  Company,  an  auxiliary  of  the  Central  Railroad  of  New  Jersey. 
The  reason  for  its  construction  was  that  it  had  become  absolutely  neces- 
sary to  provide  in  some  such  way  for  rapidly  unloading  inbound  cars 
of  merchandise  freight,  and  delivering  the  material  promptly  to  teams 
or  into  the  warehouse  for  storage.  The  storage  feature  is  incidental 
to  the  other,  and  the  number  of  floors  was  adopted  which  it  was  thought 
might  be  expected  to  keep  full  in  ordinary  times.  There  is  no  special 
track  layout  tributary  to  the  freight  house,  there  being  no  room  for 
this.  It  was  necessary  to  take  the  track  into  the  warehouse  out  of  a 
crowded  yard,  although  sacrificing  convenience  in  this  respect  to  the 
necessity  of  taking  care  of  the  warehouse  business.  The  plans  were 
made  by  John  Furguson  Company,  under  general  instructions  from  the 
office  of  Mr,  Jos.  O.  Osgood,  Chief  Engineer.  The  company  was  after- 
wards employed  as  the  general  contractor,  on  a  percentage  basis.  Plare 
and  views  are  shown  in   Figs.  25  to  29. 

It  is  a  six-story  structure,  360  ft.  long,  166  ft.  wide  at  one  end  and 
130  ft.  at  the  other.  The  height  is  102  ft.  It  is  of  steel  and 
reinforced-concrete  construction,  and  is  fireproof  throughout.  The 
walls  are  of  concrete,  reinforced  sufficiently  to  prevent  cracking  and 
to  support  the  various  projections,  etc.  The  floors  are  concrete  slabs 
reinforced  with  expanded  metal,  and  have  a  capacity  of  300  lbs.  per 
sq.  ft;  the  track  floor,  however,  is  of  steel  construction,  and  has  a 
capacity  of  500  lbs.  per  sq.  ft.  The  roof  is  of  concrete  slab  con- 
struction, with  a  waterproof  covering  of  tar  and  gravel.  The  par- 
titions on  the  storage  floors  are  of  hollow  tile  on  steel  frames,  and 
have  all  openings  protected  by  fireproof  doors  which  close  automatic- 
ally. The  windows  and  skylights  are  of  wire-glass  in  metal  frames. 
There  is  a  complete  sprinkler  system,  supplied  by  two  30,000  gallon 
tanks  on  the  roof,  which  are  kept  filled  by  automatic  electric  pumps. 
In  the  basement  is  a  reserve  storage  tank  of  150,000  gallons  capacity. 
The  pumps  are  available  for  fire  service,  and  there  is  a  connection  with 
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a  high-pressure  main  from  the  city  water  service.  The  questions  of 
fireproofing  and  fire  protection  were  considered  of  the  utmost  impor- 
tance, and  as  a  result  of  the  construction  and  equipment  above  de- 
scribed  an  extremely  low   rate  of  insurance  is   obtained. 

The  floor  area  is  370,000  sq.  ft.,  and  there  is  storage  capacity  for 
about  1,200  carloads  of  freight.  The  basement  provides  storage  room 
and  also  contains  the  power  plant.  The  first  floor  is  devoted  to  the 
delivery  of  freight  to  trucks  or  teams;  the  second  floor  is  for  tracks, 
being  on  the  level  of  the  adjoining  freight  yard;  the  four  upper  floors 
are   for  storage.     The  first  floor  has  three  large  team  doors  opening  to 


Fig.  25. — General  View  of  Freight  House  and  Warehouse  of 
Newark  Warehouse  Co.,  Newark,  N.  J.    (C.  R.  R.  of  N.  J.) 


a  driveway  inside  one  of  the  longer  sides  of  the  building,  with  a  lateral 
driveway  at  each  end.  The  driveways  are  paved  with  asphalt  blocks 
on  a  waterproofed  concrete  surface,  and  coated  with  ^-in.  of  com- 
paratively soft  asphalt  as  a  wearing  surface.  The  floor  is  so  arranged 
as  to  drain  readily,  and  it  can  be  flushed  with  a  hose.  The  driveways 
serve  concrete  platforms  of  about  25,800  sq.  ft.  in  area  and  with  an 
available  frontage  of  550  ft.  for  unloading.  The  freight  delivered 
from  these  platforms  is  received  by  elevators  and  chutes  from  platforms 
on  the  track  floor  or  from  any  of  the  storage  floors. 

The  second  floor  has  a  single  diagonal   lateral   track,  with  connec- 


Pig    26. — View  of  Track  Floor  of  Newark  Warefiouse. 


Pig,  27. View  on  Warefiouse  Floor  of  Newark  Warehouse. 
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Fig.  28.— Plans  of  Newark  Warehouse. 
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tions  to  six  tracks  extending  lengthwise  of  the  building.  These  tracks 
can  accommodate  about  40  cars  alongside  the  platforms,  which  are  level 
with  the  car  floors.  These  platforms  are  of  irregular  shape,  owing 
to  the  shape  of  the  building  and  arrangement  of  tracks.  The  tracks 
have  curves  of  150  ft.  radius.  On  the  floor,  which  is  level  with  the 
adjoining  freight  yard,  it  has  been  endeavored  to  provide  as  much 
standing  room  for  cars  as  possible,  although  in  order  to  do  this  it  has 
been  necessary  to   install  electric  winches   to   handle  the   cars   on   some 


CffOSS   SECTION 

Fig.  29. — Cross-Section  of  Newakk  Warehouse. 


of  the   tracks.     The   track   rails   rest   directly   upon    a   steel   frame   floor,* 
to  which  they  are  bolted,  with  some  special  precautions  to  prevent  drip 
through  the   floor   from   refrigerator  cars,    etc. 

In  order  to  make  a  building  of  this  class  successful,  the  facilities 
for  handling  the  freight  must  be  such  as  to  require  a  minimum  of 
manual  labor.  Much  attention  was  therefore  given  to  the  number  and 
location  of  the  various  appliances.  Elevators  and  conveyors  are  used, 
and   after   considerable    investigation    it   was    decided    to   install    gravity 


YARDS   AND    TERMINALS. 


565 


or    special   chutes    for   handling   the  bulk   of  the    freight   sent  from    the 
upper  to  the  lower  floors. 

Platform   Elevators. — There   are  ,  nine   3-ton   Otis   electric  elevators. 

Two   have   platforms  8x12   ft,   and  the  others   7x10   ft. ;   six  run   from 


Fig.  30. — Elevator  and  Conveyor  for  Barrels  and  Pack.\ges;  Newark 

Warehouse. 


the  basement  to  the  top  floor,  two  from  the  first  to  the  second  floor,  and 
one  from  the  first  to  the  top  floor. 

Barrel  Elevators. — There  are  five  Link-Belt  barrel  elevators,  each 
with  a  capacity  of  eight  flour  barrels  per  minute.  These  barrel  ele- 
vators are  of  the  link-belt  endless-chain  type,  and  will  carry  boxes  and 
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bags  as  well  as  barrels.  Two  run  from  the  basement  to  the  top  floor 
and  three  from  the  second  floor  to  the  top  floor.     (Fig.  30.) 

Spiral  Chutes. — There  are  eight  Otis  gravity  spiral  chutes  for  de- 
scending freight.  Each  consists  of  a  sheet  steel  spiral  platform  enclosed 
in  a  steel  cylinder  7  ft.  diameter.  Three  are  double  chutes,  having  two 
distinct  spirals  within  the  cylinder,  the  discharge  openings  for  the  two 
spirals  being  on  different  floors.  All  of  the  chutes  can  be  used  to  dis- 
charge goods  from  any  floor  that  they  reach.  The  discharge  openings 
are  permanently  fixed  for  each  chute ;  and  some  discharge  at  the  second 
floor,  some  at  the  first  floor,  and  some  in  the  basement.  Barrels,  boxes 
or  sacks  up  to  a  width  and  height  of  3  ft.  can  be  discharged 
through  the  chutes,  their  capacity  being  limited  only  by  the  rate  at 
which  the  freight  is  removed  from  the  discharge  end.  It  makes  little 
difference  whether  the  packages  are  light  or  heavy.  One  chute  runs 
from  the  basement  to  the  top  floor,  two  from  the  first  floor  to  the  top 
floor,  and  the  others  between  the  first  and  second  floors  and  the 
basement.     (Fig.  31.) 

Pneumatic  Tubes. — A  pneumatic  tube  system  communicates  with  all 
the  platforms  and  storage  floors,  and  provides  quick  delivery  for  bills 
of  lading  and  orders. 

Telephones. — Telephones  afford  ready  communication  from  the  plat- 
forms to  the  office  on  the  first  floor  and  also  to  any  of  the  storage 
floors,    the   truck   platform   and    the   basement. 

Electric   Light. — The    building    is    lighted    throughout    by    electricity. 

PITTSBURG,     PA. 

2.  Pittsburg  Freight  Warehouse. — The  warehouse  of  the  Pittsburg 
Terminal  Warehouse  &  Transfer  Company  was  designed  by  Mr.  Charles 
A.  Bickel,  as  architect  and  engineer,  and  was  erected  under  his  super- 
vision. The  following  description  is  condensed  from  an  article  in 
"Engineering   News"    of  July    19,    1906: 

The  building  is  380x455  ft,  with  basement  and  six  upper  stories. 
It  is  of  steel  frame  construction,  with  brick  walls,  and  the  floors  are 
designed  for  a  load  of  350  lbs.  per  sq.  ft.  The  floors  are  of  concrete 
carried  by  hollow  tile  construction,  forming  vaulted  arches  between  the 
beams,  and  the  columns  are  encased  in  brick  and  concrete.  The  first 
floor  forms  the  freight  station,  with  six  tracks ;  two  each  for  the 
Wabash  Railway,  Pennsylvania  System  and  Pittsburg  &  Lake  Erie 
Railway.  The  three  tracks  on  each  side  are  separated  by  ii-ft.  plat- 
forms,   while    in    the    middle    is    a   main    platform    59    ft.    wide;    all    the 
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platforms  arc  comicclcd  by  a  transverse  platform  at  the  head  end  of 
the  building.  Opening  from  each  side  of  the  freight  house,  and  served 
by  a  26j/i-ft.  platform,  is  a  row  of  19  long  and  narrow  compartments 
forming  the  warehouses.  These  compartments  arc  extended  to  the  full 
height  of  the  building,  each  having  a  basement  and  six  upper  floors, 
but  in  the  upper  floors  they  are  of  greater  length  (approximately  20x 
155  ft),  extending  over  the  space  devoted  to  the  freight  station  on 
the  first  floor.  The  basements  do  not  extend  under  the  tracks.  Each 
compartment,  therefore,  forms  a  complete  private  warehouse,  with  its 
own  2-ton  Otis  electric  elevator,  8x6  ft. 

On  the  second  floor  is  a  central  platform,  48x380  ft.,  which  is 
served  by  six  3-ton  Otis  electric  elevators  from  the  freight  house 
floor  below.  Here  the  outgoing  freight  is  collected,  ready  to  be  sent 
down  to  the  train  platform.  These  elevators  are  enclosed  in  fire  walls, 
and  arc  referred  to  later.  The  third  floor  is  similar,  except  that  a 
roadway  34  ft.  wide  takes  the  place  of  the  platform,  and  is  continued 
at  one  end  by  a  bridge  crossing  McKean  Street  and  extending  to 
Carson  Street  (the  site  being  on  sloping  ground)  ;  at  the  other  end 
of  the  roadway  a  bridge  extends  to  the  power  plant.  On  each  side 
of  the  roadway  is  a  sK'-ft-  platform  covered  by  a  canopy  roof,  and 
here  the  tenants  have  their  offices  and  can  receive  and  ship  goods  by 
wagons.  The  upper  floors  are  similar,  the  two  rows  of  compartments 
being  separated  by  a  48-ft.  light  shaft  above  the  level  of  the  roadway. 
While  most  of  the  warehouses  are  of  the  dimensions  above  noted, 
some  of  the  floors  are  specially  arranged  with  cold  storage  rooms, 
tlic  equipment  for  which  is  noted  further  on.  The  smaller  elevators 
run  from  the  basement  to  the  top  floor,  but  the  large  elevators  run 
only  from  the  freight  station  to  the  second  floor.  The  tenants  may  rent 
one  or  more  of  the  floors,  according  to  the  extent  of  their  business, 
or  they  may  rent  one  or  more  complete  sections.  Each  section  forms 
a  complete  seven-story  warehouse,  with  its  own  elevator,  and  entirely 
independent  of  all  the  other  tenants.  Where  a  tenant  has  more  than 
one  section,  the  number  of  doors  in  the  dividing  wall  is  limited. 

Each  side  of  the  bxiilding  is  divided  into  three  sections  by  18-in. 
walls,  while  13-in.  walls  arc  used  for  the  20-ft.  subdivisions.  This 
arrangement  was  adopted  as  a  precaution  against  explosions.  The 
walls  are  of  brick,  laid  in  cement  mortar,  and  all  division  walls  are 
extended  2  ft.  above  the  roof  to  form  fire  walls. 

The  fireproof  character  of  the  building  is  one  of  its  most  impor- 
tant features.  Its  division  into  sections  by  18-in.  and  13-in.  brick  walls 
has  already  been  mentioned,  and  in  order  to  insure  against  the  spread' 
of  interior  fires  it  is  provided  that  in  case  of  a  tenant  occupying  several 
sections,  not  more  than  three  consecutive  sections  shall  be  allowed  to 
communicate  with  each  other;  for  two  sections  there  may  be  two 
openings,   for  three  sections  there  is  to  be  not   more  than  one  opening 
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in  each  wall,  and  all  openings  are  fitted  with  standard  fire  doors  on 
both  sides.  The  windows  have  46,500  sq.  ft.  of  openings,  and  are  fitted 
with  wire  glass  in  steel  sashes.  The  sashes  are  provided  with  locks, 
and  a  master  key  is  furnished  which  will  unlock  any  sash  from  the 
outside,  so  that  it  should  not  be  necessary  to  break  a  window  in  case 
of  fire,  and  thus  cause  a  draft  which  cannot  be  shut  off.  There  are 
no  balance  weights,  and  the  window  is  automatically  closed  and  locked 
when  subjected  to  a  temperature  of  130°  F.,  so  as  to  afford  a  pro- 
tection against  exposure  fires.  The  elevator  enclosures  are  13-in.  brick 
walls,  the  "openings  in  which  are  closed  with  standard  tin-clad  fire  doors, 
arranged  to  close  automatically.  The  enclosures  are  extended  above 
the  roof  and  covered  with  skylights,  having  thin  glass  protected  by 
iron  screens  above  and  below.  Stairway  openings  are  closed  by  fire 
doors,  which,  when  closed,  fit  into  a  rabbeted  joint  in  the  concrete 
floor.  Hydrants  and  siamese  connections  are  provided,  together  with 
a  complete  automatic  sprinkler  system,  all  arrangements  for  fireproof- 
ing  and  fire  protection  being  made  under  the  approval  of  the  National 
Board  of  Fire  Underwriters. 

The  sprinkler  system  is  of  the  Grinnel  dry-pipe  type,  and  each  of 
the  38  warehouses  is  equipped  with  171  sprinklers,  while  the  main 
freight  station  floor  has  1,054  sprinklers.  The  sprinkling  apparatus  is 
divided  into  44  sections;  each  warehouse  is  protected  by  one  section 
independent  of  the  others,  and  the  first  or  main  floor  is  protected  by 
six  sections.  The  sprinkler  system  is  also  equipped  with  an  alarm 
device,  and  on  the  first  floor  are  44  alarm  gongs,  one  for  each  section. 
Each  section  is  also  connected  to  the  station  annunciator  located  in 
the  engine  room  of  the  power  plant;  in  case  of  fire  in  any  section 
this  will  ring  the  alarm  gong  in  that  section  and  also  the  gong  on 
the  annunciator,  while  the  drop  on  the  annunciator  will  indicate  the 
location  of  the  sprinkler  that  opened.  The  fire  extinguishing  system 
is  also  connected  up  with  six  Siamese  ccnnect'ons  for  fire  engines. 

As  already  noted,  the  goods  are  handled  by  means  of  electric  freight 
elevators,  one  in  each  warehouse  (from  basement  to  top  floor),  and 
six  in  the  center  of  the  building  from  the  main  platform  of  the  freight 
station  to  the  platform  on  the  second  floor.  Each  of  the  38  ware- 
house elevators  has  a  lifting  capacity  of  4,000  lbs.  at  a  speed  of  100  ft. 
per  minute.  Each  of  the  six  freight  elevators  has  a  lifting  capacity 
of  6,000  lbs.  with  a  speed  of  60  ft.  per  minute.  The  elevators  arc 
equipped  with  full  magnetic  control,  safety  devices,  electric  annunciators 
and  semi-automatic  safety  gates  at  all  landings.  The  cages  are  of  steel 
with  wooden  platforms. 

The  cold  storage  department  of  the  warehouses  consists  of  14  rooms, 
with   a  total   storage  capacity  of  about   604,200  cu.   ft. 

3.  Wabash  Railroad. — The  Pittsburg  freight  station  of  the  Wabash 
Railroad  is  of  a  similar  class  to  the  above,  but  operated  directly  by 
the  railway.  It  is  peculiar  in  that  the  tracks  are  on  a  steel  viaduct 
structure,    and   are   level    with   the   top    floor   of   a    four-story   building. 
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145x575  ft.  The  team  delivery  is  at  the  first  floor  level,  where  40  wide 
doorways  are  provided.  Freight  is  transferred  by  five  hydraulic  ele- 
vators, and  to  facilitate  the  work  the  freight  is  largely  handled  by 
trucks.  Thus  inbound  freight  is  placed  on  the  trucks  and  lowered 
to  the  team  floor  platform  to  the  intermediate  storage  (or  warehouse) 
floors,  where  the  truck  is  run  to  any  desired  point.  There  are  four 
tracks  in  the  freight  station,  two  on  either  side  of  the  building,  which 
is   45    ft.    wide,   and   has   a   6-ft.    platform    along   one    side. 


DISCUSSION. 

Vice-President  Berg : — The  Committee  on  Yards  and  Terminals  are 
ready  to  report. 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — In  the  preparation 
of  that  portion  of  this  report,  on  the  subject  of  hump  yards,  we  have 
followed  closely  on  the  lines  laid  down  by  previous  action  of  the 
Association  and  the  Manual  of  Recommended  Practice.  We  have  used 
the  same  virtual  grade,  and  have  but  slightly  increased  the  distance 
between  the  summit  of  the  hump  and  the  classification  tracks.  There- 
fore cars  will  reach  the  classification  tracks  at  practically  the  same 
speed  as  has  been  heretofore  adopted,  or  as  they  would  on  the  hump 
heretofore  adopted.  We  have,  however,  somewhat  modified  the  form 
or  profile  of  the  hump,  that  we  might  locate  a  scale  near  the  summit, 
that  cars  may  be  weighed  as  well  as  classified  with  one  movement  and 
without  sacrifice  of  time  or  efficiency  of  the  hump  as  a  machine  for 
classifying  cars.  In  the  usual  installation  of  a  track  scale,  with  a  dead 
track,  one  line  of  rails  is  carried  on  cast-iron  standards;  there  is  some 
objection  to  this  form  of  construction  on  account  of  lack  of  stability; 
for  where  the  movement  is  practically  continuous  the  cast-iron  standards 
are  not  sufficient  to  carry  a  rail  in  such  service.  We  therefore  propose 
the  introduction  of  a  continuous  wall  of  reinforced  concrete  in  which 
the  reinforcement  alone  is  ample  to  carry  the  load,  the  concrete  being 
added  merely  for  stability.  The  ques.ion  has  been  raised  as  to  the 
volume  of  business  that  should  be  in  sight  before  hump  switching 
might  be  considered,  that  is,  before  there  would  be  any  economy  in  it. 
That  is  no  doubt  an  economic  question  that  could  be  answered  properly 
only  according  to  local  conditions,  but  as  a  general  proposition  it  is 
no  doubt  true  that  wherever  it  is  necessary,  or  wherever  we  are  re- 
quired to  build  a  yard  for  the  classification  of  cars,  it  is  desirable,  or 
it  is  proper,  to  consider  the  advantages  or  disadvantages  of  gravity 
switching. 

On  the  subject  of  yard  lighting  we  have  done  what  we  could  to 
get  both  the  theory  and  practice  at  this  time ;  that  is,  the  best  per- 
formance that  we  could  learn  of,  and  present  it  for  your  consideration. 
On  the  subject  of  freight  transfers  we  have  had  considerable  corre- 
spondence both  as  to  installation  and  operation,  from  which  it  is  demon- 
strated to  us  that  the  principal  thing  in  freight  transfer,  after  all,  is  the 
truckmen,  and  the  urgent  necessity  of  keeping  the  run  or  the  travel 
of    the    truckmen    as    short    as    possible,    that    is    where    the    economy 
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comes  in,  for  as  the  number  of  cars  to  be  liandlcd  at  a  transfer  in- 
creases, the  cost  will  multiply  as  the  distance  to  be  traveled  by  the 
truckmen  becomes  greater. 

We  present  for  your  consideration  what  we  think  is  the  best 
practice  as  determined  by  our  investigations  as  to  transfers  with  fixed 
platforms ;  and  to  overcome  as  far  as  possible  the  burden  of  increased 
cost  on  account  of  transfer  over  long  distances  by  truckmen,  we  submit 
for  your  consideration  a  plan  for  transfer  by  motor-driven,  movable 
platforms  as  a  m.eans  of  eliminating,  as  far  as  possible,  the  truckmen. 
We  believe  that  this  has  some  merit  and  would  be  glad  to  have  you 
give  it  consideration. 

On  the  subject  of  freight  warehouses  we  submit  two  examples  of 
a  type  that  is  coming  into  general  use  at  congested  terminals,  where 
it  is  necessary  to  receive  and  store  or  hold  freight,  both  inbound  and 
outbound.  We  would  be  glad  if  you  would  give  these  matters  your 
consideration,  that  the  Committee  may  have  the  benefit  of  your  views 
for  our  information  and  future  guidance. 

Vice-President  Berg: — The  question  will  be  on  hump  yards, 
"Recommended  principles  of"  practice,"  on  page  31  of  the  Bulletin.  The 
Chair  will  explain  that  up  to  the  conclusion  No.  10  there  is  no  vital 
difference  in  these  conclusions  i  to  10  for  hump  yards  over  those 
previously  passed,  endorsed  and  included  in  the  Manual.  The  Chair 
would  suggest  that  we  read  the  conclusions,  and  unless  serious  objec- 
tion is  raised,  or  serious  points  be  encountered,  that  we  practically 
endorse  the  revised  conclusions  i  to  9  as  being  all  right.  I  will  ask 
the  Secretary  to  read  through  the  conclusions  on  hump  yards. 

The  Secretary : — Hump  Yards ;  Conclusions  and  Recommended 
Principles  of  Practice. —  (i)  Hump  yards  should  consist  of  receiving, 
classification  and  departure  tracks,  in  consecutive  order. 

(2)  A  hump  yard  is  a  desirable  form  of  yard  for  receiving,  classi- 
fying and  making  up  trains,  because  cars  can  be  handled  through  it 
faster  and  at  less  cost  than -through  any  other  form  of  yard. 

(3)  Receiving  tracks  should  be  of  sufficient  length  to  hold  maxi- 
mum trains  of  the  various  classes  handled. 

(4)  Receiving  tracks  should  be  sufficient  in  number  to  hold  a 
number  of  trains  arriving  in  quick  succession.  The  number  will  depend 
on  the  amount  and  character  of  traffic  handled  and  upon  the  relative 
location  of  the  yard  with  respect  to  the  other  yards  and  connections. 

(5)  H  it  is  possible,  the  grades  of  the  receiving  tracks  should 
be  such  that  one  engine  can  push  the  maximum  train  over  the  hump. 

(6)  No  definite  recommendation  can  be  made  as  to  length  or 
number  of  classification  tracks  except  that  when  they  are  to  be  used 
as  "departure  tracks,  they  should  be  long  enough  to  hold  full  trains, 
and  that  when  conditions  permit  there  should  be  as  many  of  them 
as  can  be  used  to  advantage  to  avoid  subsequent  classification  and  con- 
sequent delay. 
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(7)  Departure  tracks  should  be  full  train  length  and  of  sufficient 
number  to  provide  ample  standing  room  for  trains  while  being  tested 
for  air,  and  while  waiting  for  engines. 

(8)  An  air-brake  testing  plant  should  be  provided  in  the  departure 
yard;  the  tracks  should  be  piped  and  sufficient  outlets  furnished  with 
hose  to  test   air   brakes   on  all  outgoing  trains. 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — Mr.  Chairman,  I  should 
have  stopped  you  at  conclusion  No.  8,  which  is  in  connection  with 
recommending  an  air-brake  testing  plant.  I  think  that  in  itself  is  a 
very  good  recommendation,  but  I  have  gone  through  an  experience  in 
the  last  year  and  a  half  that  has  changed  my  mind  conclusively  that 
the  most  impor.ant  place  to  have  an  air-brake  testing  plant  is  not  the 
departure  yard.  On  the  Logansport  Division  of  the  Pennsylvania  Lijies 
at  Logansport  we  have  an  air-brake  testing  plant,  where  the  receiving 
yards  are  piped  as  well  as  the  departure  yards.  I  participated  in  the 
consideration  that  was  given  this  layout  and  worked  up  the  plans  and 
estimates.  I  objected  from  a  transportation  standpoint  to  equipping  the 
receivmg  yards,  but  after  full  consideration  by  all  interelsted,  our  master 
mechanic,  Mr.  Walsh,  knowing  pretty  well  what  he  wanted,  was  able 
to  carry  through  his  recommendations,  that  the  receiving  yards  be 
equipped  as  well  as  the  departure  yards. 

Since  the  plant  has  been  in  operation  it  has  worked  to  the  eminent 
satisfaction  of  the  motive  power  department  and  not  to  any  detriment 
materially  of  the  transportation  department.  I  took  the  matter  up 
personally  recently  with  both  the  trainmaster,  master  mechanic,  and  the 
yardmaster  at  this  point  as  well  as  the  trainmaster  now  both  say  that 
they  feel  that  from  a  transportation  standpoint  it  is  of  real  advantage 
to  have  the  receiving  yards  equipped  with  an  air-brake  testing  plant, 
and  in  their  opinion  is  actually  the  means  of  eliminating  unneces- 
sary switching,  because  all  defects  have  either  been  eliminated  before 
going  over  the  hump,  permitting  cars  to  be  switched  direct  to  proper 
classificatiori,  or  are  marked  and  are  cut  out  to  the  repair  tracks  as 
they  go  over  the  hump,  without  any  further  switching,  and  almost 
eliminates  the  necessity  of  having  road  engines  switch  cars  placed  in 
their  train  which   have  to  be  cut  out  for   repairs. 

Our  master   mechanic   advises   as   follows : 

"I  will  say  that  from  the  way  this  plant  has  worked  out  at  Logans- 
port and  the  experience  I  have  had  with  it,  with  a  terminal  such  as 
we  have  here,  I  would  prefer  having  the  receiving  yard  piped  first,  the 
departure  yard  second  and  the  classification  yard  third.  In  other  words, 
I  believe  that  an  air-testing  plant  is  of  more  value  in  the  receiving 
yard  than  in  the  other  yards. 

"When  our  plant  was  first  put  in  service  it  received  some  un- 
favorable criticism  from  the  transportation  department,  due,  in  my 
opinion,    to    the    fact    that    the    motive    power    force    had    not    become 
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sufficiently  organized  and  accustomed  to  its  use  lo  take  full  advantage 
with  the  least  delay  to  the  yard  forces,  who  were  not  primarily  in  favor 
of  it  and  did  not  feci  inclined  to  give  all  the  desirable  assistance. 

"In  the  first  place,  it  must  be  understood  that  in  addition  to  giving 
attention  to  air-brake  equipment  on  trains  a  force  is  at  the  same  time 
employed  in  inspecting  the  cars  for  safety,  for  safety  appliance  penalty 
defects,  and  a  force  of  repairmen  is  also  engaged  in  making  repairs  to 
safety  appliance  defects  and  repairs  for  general  safe  condition  of  the 
cars,  and  in  addition  make  such  repairs  as  would  otherwise  necessitate 
the  shopping  of  the  car  to  a  repair  track;  as,  for  instance,  the  renewal 
of  journal  brasses,  tightening  up  of  draft  timbers,  renewing  bolts  in 
draft  timbers  or  adjusting  car  doors  on  empty  cars.  These  latter  items 
it  would  be  impracticable  to  do  in  the  classification  yard  on  account 
of  the  large  territory  to  be  covered,  providing  of  tools  and  materials 
and  the  loss  of  time  in  the  force  covering  this  large  territory  would 
be  a  serious  item.  While  in  the  receiving  yard  this  is  overcome  by 
condensed  territory  of  receiving  tracks,  provided  with  the  necessary 
tools  and  materials  for  making  repairs  of  this  nature,  so  that,  after  all, 
but  little  more  time  is  required  where  a  concerted  effort  of  this  kind 
is  made  to  examine  and  repair  the  air-brake  apparatus  and  make  other 
light  repairs  to  the  car  than  ordinarily  would  be  required  for  the  safety 
inspection  necessary  to  provide  the  information  for  the  proper  handling 
and   shopping  of  repair  cars   as   they   pass   over  the  hump. 

"I  have  a  record  of  all  trains  handled  in  both  the  east  and  west- 
bound yards  from  September  ist  to  date,  and  I  note  that  the  average 
lime  in  the  westbound  receiving  yard,  where  the  length  of  the  trains 
is  shorter  (average  about  40  cars)  and  the  general  condition  of  the 
cars  better  than  those  received  in  the  eastbound  yard  (average  about 
60  cars;  maximum  85),  the  time  required  for  handling  trains  from  the 
time  they  arrive  in  the  receiving  yard  until  the  car  inspecting  force  is 
through  with  them  varies  from  25  to  35  minutes  for  the  westbound 
yard,  and  probably  a  fair  average  would  be  30  minutes  per  train,  as 
against  a  variation  of  from  35  to  60  minutes  in  the  eastbound  yard, 
where  a  fair  average  would  be  45  minutes. 

"The  only  time  there  is  any  evidence  of  interference  is  where  a 
receiving  yard  is  clear  and  then  two  or  more  trains  arrive  close 
together;  the  yard  force  is  then  anxious  to  switch  the  first  train 
immediately  on  its  arrival,  without  giving  time  for  any  repairs  or 
inspection.  It  is  our  custom,  where  more  trains  are  close  at  hand 
than  can  be  handled  promptly  and  it  is  absolutely  necessary  to  clear 
the  receiving  yard,  to  let  them  go  over  the  hump  with  only  the  safety 
inspection,  shopping  such  cars  as  may  be  necessary  and  make  repairs 
to  air-brake  apparatus  on  the  other  cars  in  the  classification  yard.  T 
note,  however,  that  this  very  seldom  happens." 

Another    matter    that    takes    precedence    in    this    connection    is    the 
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question  of  the  safety  of  inspectors  and  repairmen,  and  since  this  plant 
has  been  in  service  there  has  not  been  a  personal  injury  of  any  char- 
acter to  inspectors  or  repairmen  in  these  receiving  yards  and  I  a'm 
informed  that  fully  90  per  cent,  of  all  work  done  on  cars,  except  the 
repair  tracks  proper,  is   done  in  the   receiving  yards. 

I  would  therefore  like  to  call  the  Committee's  attention  to  the 
nnportance  of  an  air-brake  testing  plant  in  connection  with  receiving 
yards. 

Vice-President  Berg: — This  refers  to  conclusion  8,  which  is  virtually 
the  same  as  last  year.     Have  you  any  motion  to  make? 

Mr.  Rhea:— I  think  it  is  difficult  to  make  a  motion  in  this  con- 
nection because  different  conditions  might  affect  the  different  situations; 
but  from  my  experience  I  would  recommend  an  air-testing  plant  for 
the  receiving  tracks  above  any  other  part  of  the  yard,  particularly  in 
view  of  the  stringency  of  inspection  for  safety  appliances,  and  I  would 
make  a  motion  that  the  receiving  tracks  also  be  equipped,  as  well  as 
the  departure  tracks. 

Mr.  Stevens: — I  think  it  is  proper  that  I  should  remark,  on  the 
part  of  the  Committee,  that  we  probably  have  cause  for  great  congratu- 
lation that  we  have  urged  so  strenuously  the  adopting  of  hump  switch- 
ing, and  that  the  practice  has  arrived  at  that  degree  of  perfection 
that  is  indicated  by  the  remarks  you  have  just  listened  to;  for  I  remem- 
ber discussion  on  the  floor  of  several  of  the  conventions  when  there 
were  very  strenuous  arguments  against  hump  switching,  because  of  the 
great  destruction  to  cars  that  took  place  after  they  passed  over  the 
hump.  Now  the  conditions  are  reversed  and  we  have  a  proposition  for 
inspecting  the  cars  and  testing  the  air  before  they  go  over  the  hump. 
That  is  a  complete  reversal.  I  think,  however,  if  we  should  agree  to 
test  the  air  and  inspect  the  cars  before  they  go  over  the  hump  that, 
as  a  general  proposition  throughout  the  country  at  large,  we  have  not 
arrived  at  that  degree  of  perfection  in  handling  cars  over  humps  that 
will  make  it  reasonable  for  us  to  eliminate  a  further  inspection  and  a 
further  air-testing  equipment  before  they  leave  the  yard.  I  hope 
therefore,  if  you  think  well  enough  of  this  to  agree  to  an  air-testing 
plant  on  the  receiving  tracks,  that  you  will  have  consideration  for  the 
Committee  and  permit  one  to  remain  on  the  departure  tracks  also. 

Mr.  Rhea: — My  motion  did  not  eliminate  it  from  the  departure 
tracks.    We  need  it  at  both  places.     No   doubt  about  that. 

Vice-President   Berg: — Mr.   Rhea   will   please   state  his   motion   over. 

Mr.  Rhea: — The  conclusion  would  read:  "An  air-brake  testing 
plant  should  be  provided  in  the  receiving  and  the  departure  yards." 
I  think  that  is  all,  simply  introducing  the  words  "in  the  receiving" 
and  making  "yard"   read  "yards." 

Vice-President  Berg: — The  motion  consists  of  adding  to  conclusion 
No.  8  the  words  "in  the   receiving,"  so  that  it  will  read  "An  air-brake 
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testing  plant  should  be  provided  in  the  receiving  and  the  departure 
yards." 

(The  motion  by   Mr.    Rhea   was   carried.) 

Vice-President  Berg: — Conclusion  No.  8  will  be  corrected  accord- 
ingly.    The   Secretary   will    read   conclusion   9. 

The  Secretary: — (9)  To  secure  the  greatest  possible  efficiency  or 
to  HO  co!istruct  a  hump  tliat  the  greatest  number  of  cuts  of  cars  may 
be  classified  over  it,  the  steepest  part  of  the  grade  should  be  reached 
in  the  least  available  distance  after  passing  the  summit,  and  the  grade 
or  fall  should  provide  sufficient  momentum  to  carry  all  cars  to  lower 
ends  of  classification  tracks. 

Vice-President  Berg:— Any  objection  to  No.  9?  It- is  virtually  the 
same,  but  expressed  differently.  If  there  is  no  objection,  conclusion  9 
will  stand. 

The  Secretary: — (10)  Where  cars  to  be  classified  are  largely 
empty  or  light,  and  the  scale  is  on  the  hump,  grades  are  recommended 
for  average  conditions  as  follows : 

The  summit  of  the  hump  should  be  reached  by  vertical  curves  with 
radius  of  about  1,500  ft.,  that  raise  the  grade  about  one  foot  in  a  dis- 
tance of  60  ft.  The  curve  over  the  summit  to  be  continued  on  the 
descending  grade  a  distance  of  about  30  ft.  to  join  a  grade  not  exceed- 
ing 2  per  cent,  for  a  distance  not  exceeding  60  ft.  Thence  descending 
by  a  vertical  curve  with  radius  of  about  2,000  ft.  a  distance  of  4c  ft. , 
thence  descending  on  a  grade  of  4  per  cent,  a  distance  of  50  ft. ;  thence 
descending  by  a  vertical  curve  with  radius  of  about  5,000  ft.  a  distance 
of  about  155  ft.  to  join  a  grade  of  i  per  cent,  at  the  heads  of  the  ladder 
tracks.  Thence  down  through  ladder  tracks  and  turnouts,  i  per  cent. ; 
thence   down   through  classification   tracks,  0.5   per  cent. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — Mr.  Chairman,  T 
would  like  lo  ask  the  Committee  if  they  have  considered  the  necessity 
of  providing  the  rise  in  the  approach  to  the  hump?  It  was,  I  believe, 
considered  absolutely  necessary,  when  hump  yards  were  first  designed, 
in  order  to  bunch  the  cars  and  to  facilitate  uncoupling.  Cannot  the 
same  results  be  accomplished  by  applying  the  brakes,  which  is  alwavs 
done  before  the  cars  go  down  on  the  hump  grade? 

Mr.  Stevens : — The  advantage  of  having  the  slight  rise  in  the  grade 
near  the  summit  of  the  hump  is  to  bunch  the  cars  automatically  to 
prevent  the  slack  running  out  if  the  ram  engine  has  to  stop,  otherwise 
it  has  no  value. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  :— I  wish  to  call  atten- 
tion to  the  diagram  where  it  shows  the  location  of  the  scales  on  the 
hump.  From  the  wording  of  paragraph  10  it  is  lo  be  supposed  that 
the  grades  are  indicated  for  the  best  use  of  the  scales.  I  notice  the 
scales  are  located  so  close  to  the  hump  that  I  think  it  is  impossib'<? 
for   two   cars    going   over    the    hump,    one    following    the    other,    to    be 
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separated  a  sufficient  distance  from  each  other  so  that  weighing  can 
be  properly  done.  The  first  car  would  be  on  the  scales  while  the 
second  car  would  enter  upon  the  scales.  Therefore,  the  upper  end  of 
the  scales  should  be  located  farther  away  from  the  summit  of  the 
hump,  and  that  practice  in  general,  I  think,  is  from  60  to  70  ft.  In 
this  case  the  scales  are  located  about  25  or  30  ft.  from  the  summit  of 
the   hump.     That  certainly  is  insufficient. 

Mr.  Stevens : — The  scale  is  supposed  to  be  60  ft.  long  and  the 
upper  end  should  be  located  at  a  distance  of  not  less  than  30  ft.  from 
the  extreme  summit.  The  scale  is  supposed  to  have  a  dead  track  with 
the  rails  spaced  15  or  16  in.,  making  a  divergence  for  each  rail  from 
the  point  of  the  switch  of  7^  to  8  in.  That  is  to  be  accomplished 
in  30  ft.  The  location  of  the  scale  in  that  way  will  permit  cars  to  be 
classified  at  the  rate  of  about  7  or  8  per  minute,  which  is  probably 
fast  enough.  They  will  pass  over  the  scale  at  an  average  speed  of 
approximately  4^  or  5  miles  per  hour.  When  the  back  end  of  the 
car  leaves  the  scale  it  will  have  a  speed  of  about  6Y2  miles  per  hour. 
That  is  probably  as  fast  as  anyone  will  care  to  classify  cars  in  this 
country,  and  inasmuch  as  it  is  necessary  or  desirable,  at  least,  that 
cars  pass  over  the  scale  at  such  a  speed  that  weights  can  be  caught 
readily,  and  accurate  weights  obtained,  it  is  desirable  to  have  the 
scale  near  the  summit,  because,  if  we  place  it  far  below  the  summit 
we  sacrifice  time,  we  do  not  get  the  opportunity  to  put  sufficient  space 
between  the  cars   to   handle   the   switches. 

Mr.  Atwood : — The  particular  point  that  I  refer  to  is  that  the 
second  car  would  follow  the  first  car  so  quickly  that  the  first  car  would 
not  be  weighed  by  the  time  the  second  car  reached  the  scales. 

Mr.  Stevens : — As  I  understand  it,  the  cars  would  have  to  be .  cut 
in  order  to  secure  accurate  weights ;  that  is,  cars  to  be  weighed  would 
have  to  run  singly,  and  the  inference  is  that  the  following  car  would 
not  be  started  until  the  first  car  had  reached  the  scale. 

Mr.  Atwood : — That  would  not  be  good  practice,  because  you  must 
cut  the  cars  separately  as  they  approach  the  hump,  and  the  cars  will 
take  their  own  momentum,  and  the  train  will  continue  to  push  the 
cars  over  the  hump  without  stopping,  and  the  separation  of  the  cars 
must  be  done  automatically  by  the  amount  of  grade  there  is  for  the 
car  to   run  over.     Therefore  it   requires   distance  to   do  that. 

Mr.  Stevens : — You  refer  to  a  continuous  movement  of  the  ram 
engine,  not  permitting  the  ram  engine  to  stop? 

Mr.  Atwood : — Yes,  sir. 

Mr.  Stevens : — I  doubt  if  that  can  be  done  where  cars  must  be 
weighed  intermittently ;  that  is,  where  occasional  cars  in  a  draft  must 
be  weighed. 

Mr.  Atwood : — But  suppose  you  are  weighing  the  whole  train,  it 
can  be  done,  and  is  done. 

19 
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Mr.  Stevens : — If  you  weigh  the  whole  train  you  must  have  a  rider 
on  each  car. 

Mr.  Atwood : — Not  necessarily,  for  the  purpose  of  weighing. 

Mr.  Stevens: — You  can  weigh  only  one  car  at  a  time. 

Mr.  Atwood : — Yes,  but  the  cars  can  be  automatically  separated  by 
means  of  the  grade  they  are  running  over,  if  you  have  a  proper 
distance  from  the  summit  of  the  grade  to  the  edge  of  the  scales. 

Mr.  Stevens: — You  could  still  work  that  with  this  method. 

Vice-President  Berg: — Gentlemen,  any  motion?  Is  it  the  sense  of 
the  convention  that  conclusion  lo,  as  reported  by  the  Committee,  shall 
stand? 

(Upon  motion,  duly  carried,  conclusion   lo  was  adopted.) 

Vice-President  Berg: — The  question  now  is  as  to  the  adoption  of 
conclusion  lo  as  reported  by  the  Committee,  referring  to  hump  grades, 
page  32  of  the  Bulletin.  (This  is  a  re-statement  of  the  motion,  and  a 
new  vote  taken  in  corhpliance  with  the  request  of  several  members  to 
have  the  matter  re-stated.)  The  Chair  thinks  it  is  proper  to  state 
that  whichever  way  the  vote  turns  on  No.  10  it  will  involve  one  or  two 
of  the  subsequent  paragraphs,  as  they  have  to  be  taken  jointly.  Are 
you  ready  for  a  vote  on  conclusion  10  of  the  Committee  report? 

(A  vote  being  taken,  conclusion  No.  10  of  the  Committee  report 
was  adopted.) 

Vice-President    Berg: — The    Secretary    will    read    conclusion    11. 

The  Secretary: — (11)  Where  cars  to  be  classified  are  largely  heavy 
or  loaded,  and  the  scale  is  on  the  hump,  the  same  grades  are  recom- 
mended for  use  over  the  hump  as  for  light  cars,  but  as  the  proportion 
of  light  cars  diminishes  the  length  of  the  grade  of  4  per  cent,  may 
be  reduced. 

It  is  recommended,  however,  that  the  length  of  the  4  per  cent, 
grade  be  at  least  25  ft.;  that  the  grade  of  ladder  tracks  be  at  least 
0.8  per  cent.,  and  that  the  grade  of  classification  tracks  be  at  least  0.4 
per  cent.,  where  conditions  permit. 

'Vice-President  Berg': — Any  remarks?  If  not,  we  will  consider  No. 
II  adopted. 

The  Secretary: — (12)  Where  traffic  or  climatic  conditions  require, 
the  summit  of  a  hump  may  be  made  higher  in  the  winter  and  restored 
when  the  increased  height  is  not  needed. 

Vice-President  Berg: — The  distinctive  characteristic  of  the  new 
paragraph  12,  and  the  one  previously  adopted  and  published,  consists 
in  the  fact  that  the  Committee  now  mentions  the  method  of  making 
the  hump  higher,  and  before  it  said  simply  that  the  grade  shall  be 
made  steeper  and  greater.     Any  remarks? 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — I  would 
like  to  know  whether  that  refers  to  an  actual  change  by  raising  or 
lowering  the  track,  twice  each  year;  or  is  it  a  double-track  arrangement. 
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such   as    I    see   on   page    14,   one   track   being   marked    "summer   hump," 
and  one  track  marked  "winter  hump?" 

Mr.  Stevens : — The  illustration  on  page  14  is  published  as  informa- 
tion, as  illustrative  of  the  practice  in  a  yard  which  has  already  been 
built  and  established.  Conclusion  12  is  a  modification  merely  of  the 
original  and  without  any  radical  change  in  sense,  but  the  old  conclu- 
sion stated  that  it  should  be  restored  in  the  spring.  It  has  come  to  our 
knowledge  that  several  humps  have  been  raised  for  winter  work,  and 
that  they  were  not  restored  in  the  spring;  they  were  kept  up  all 
summer,  and  the  succeeding  winter  and  the  succeeding  summer,  and 
many  of  them  have  been  raised  again,  so  that  we  thought  it  better  to 
modify  the  form  of  the  original  language  somewhat,  so  as  not  to  be 
in  conflict  with  the  apparent  tendency  to  carry  winter  conditions 
through  the  summer,  which  merely  means  the  application  of  the  brake 
a  little  earlier. 

Mr.  Camp : — Then,  Mr.  President,  I  understand  that  this  conclusion 
would  involve  the  raising  of  the  track  or  cutting  it  down.  Am  I  right 
about  that? 

Mr.  Stevens : — It  really  means  that  the  necessity  for  a  higher  hump 
in  winter  is  felt,  is  recognized,  and.  where  a  hump  is  built  for  summer 
conditions  it  is  necessary  to  raise  it  under  winter  conditions.  It  is 
optional  whether  you  cut  it  down  in  the  spring  or  apply  the  brake  a 
little  earlier  on  the  car. 

(Upon  motion,   duly   seconded,    conclusion  12  was  adopted.) 

The  Secretary: — (13)  When  required  by  traffic  conditions  a  track 
scale  not  exceeding  60  ft.  in  length  should  be  located  at  such  a  distance 
from  the  summit  of  the  hump  (30  to  40  ft.  is  recommended)  that  when 
cars  to  be  weighed  reach  the  scale  they  will  be  properly  spaced  from 
following  cars  and  will  be  running  slowly  enough  to  easily  secure 
correct  weights.     The  grade  over  the  scale  should  not  exceed  2  per  cent. 

Vice-President  Berg: — Mr.  Stevens,  do  you  desire  to  make  any 
remarks  on  paragraph    13? 

Mr.  Stevens : — I  do  not  know  that  I  can  make  it  any  plainer  than 
I  did  a  little  while  ago,  that  the  grades  recommended  by  the  Com- 
mittee are  only  sufficient  to  secure  such  speed  of  movement  as  appears 
to  be  necessary  at  times  to  meet  the  requirements  of  classification. 
'.That  is,  we  may  expect  to  be  compelled  or  desired  to  classify  cars 
•with  that  degree  of  rapidity,  and  we  believe  that  the  hump  as  recom- 
mended here  will  give  a  speed  of  about  4^  to  5  miles  per  hour  as 
average  speed  during  the  passage  of  the  car  over  the  scale.  That  is 
not  sufficient  to  require  the  application  of  brakes,  which  we  do  not 
-recommend,  but  that  brakes  be  not  applied  until  after  the  cars  have 
passed  the   scale  and   have   reached   the  heavier  grade  below. 

Mr.  Atwood: — Mr.  President,  this  paragraph  13  puts  the  matter 
in  proper  shape,  inasmuch  as  it  states  that  when  required  by  traffic 
conditions   track   scales   not  over   60   ft.   in  length   should  be   located   at 
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such  a  distance  from  the  summit  of  the  hump  that  when  cars  to  be 
weighed  reach  the  scale  they  will  be  properly  spaced  from  following 
cars.     That  covers  the  whole  contention. 

Vice-President   Berg: — Will   Mr.    Atwood   make   a   motion? 

Mr.  Atwood : — I  do  not  think  it  is  necessary. 

Vice-President  Berg: — That  is,  30  or  40  ft.  lo  remain  in  the  con- 
clusion? 

Mr.  Alwood: — That  is  the  conclusion;  if  it  is  found  unsatisfactory, 
something  else  can  be  substituted. 

Mr.  J.  P.  Cummings  (Chicago,  Burlington  &  Quincy)  : — I  believe 
that  the  words  in  parenthesis  "30  to  40  ft.  is  recommended"  should  be 
stricken  out,  as  the  scales  should  be  at  least  90  ft.  from  the  summit 
of  the  hump  in  order  to  provide  sufficient  space  for  the  switch  between 
the   scale  rail  and  the  dead   rail. 

I  notice  also  that  the  Committee  has  made  no  recommendation  as 
to  which  should  be  the  straight  track  over  the  hump,  the  scale  rail  or 
the  dead  rail.  If  the  majority  of  the  cars  going  over  the  hump  are  lo 
be  weighed  the  straight  track  should  be  the  scale  rail,  and  if  a  majority 
are  not  to  be  weighed  the  straight  track   should  be  the  dead   rail. 

In  order  to  have  a  continuous  forward  movement,  point  of  the 
switch  must  be  on  the  down-grade  from  the  summit  of  the  hump  a 
sufficient  distance,  so  that  it  can  be  thrown  between  the  cuts  of  the 
cars.  The  minimum  distance,  therefore,  between  the  summit  of  the 
hump  and  the   scales   should  be   about  90  ft. 

Vict-President  Berg: — Does  anyone  desire  to  make  a  motion  to 
that  efifect? 

Mr.  Atwood : — There  is  one  feature  of  the  location  of  the  switch 
that  has  just  been  referred  to.  When  the  scales  are  so  close  to  the 
hump  the  switch  points  will  be  at  the  summit  of  the  hump,  or  very 
close  to  it,  and  in  that  position  the  cars  will  not  have  been  separated, 
and  therefore  you  will  have  to  throw  the  switch  between  two  cars  which 
have  not  been  separated. 

Mr.  Cummings : — Mr.  Chairman,  that  is  impossible,  if  left  in  that 
position.     Therefore  I  say  the  scale  should  be  at  least  90  ft. 

Mr.  Ewing: — As  I  take  it,  the  Committee  has  not  contemplated  con- 
tinuous weighing.  They  have  provided  for  a  scale  lo  be  located  on 
the  hump  track  to  weigh  isolated  cars  in  a  train  rather  than  stopping 
that  train  some  distance  back  of  the  hump  and  switching  it  around  on 
another  track,  where  the  scale  is  located.  It  is  very  much  easier,  under 
those  conditions,  to  hold  up  the  train  in  going  over  the  hump  and 
separate  the  cars  than  it  is  to  switch  it  around  on  another  scale 
track.  It  strikes  me  that  the  recommendations  of  the  Committee  are 
proper  in  this   matter. 

Mr.  Atwood : — If  there  is  not  a  large  amount  of  weighing  to  be 
done  on  the  hump  the  scales  should  not  be  there,  and  in  that  case, 
if  you   have   a  car  to  be  weighed,   it  should   be   switched   down   onto   a 
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track  where  such  cars  go.  The  scale  should  not  be  on  the  hump 
unless  there  is  considerable  weighing. to  be  done  there. 

Mr.  Cummings : — The  scales  should  be  on  the  hump  regardless  of 
the  number  of  cars  that  are  to  be  weighed,  and  should  have  an 
automatic  attachment.  Willi  such  an  attachment  it  makes  no  difference 
whether  the  cars  are  running  5  miles  or  25  miles  per  hour.  A  car  will 
be  weighed  at  the  moment  that  the  rear  wheels  go  on  the  scales  and 
the  next  car  will  be  weighed  at  the  moment  that  the  rear  wheels  of 
the  first  car  go  ofif  the  scales. 

Mr.  Maurice  Coburn  (Vandalia  Line)  : — I  would  like  to  ask  if  the 
gentleman  gets  accurate   results  with   his  high  speed  over  the   scales? 

Mr.  Cummings : — Absolutely.     The   speed  cuts  no  figure. 

Mr.  V.  K.  Hendricks  (St.  Louis  &  San  Francisco)  : — I  recommend 
that  the  bracketed  words,  "30  to  40  ft.  is  recommended,"  be  stricken  out. 
In  the  second  paragraph  of  article  10  it  is  provided  that  the  vertical 
curve  over  the  summit  be  continued  for  a  distance  of  about  30  ft.  from 
the  summit  to  join  a  2  per  cent,  grade,  and  at  the  end  of  article  13  it 
is  stated  that  the  grade  over  the  scales  should  not  exceed  2  per  cent. 
This  will  necessitate  placing  the  scales  about  30  ft.  from  the  summit ; 
but  the  distance  is  not  specifically  recommended,  and  the  word  "about" 
would  permit  locating  the  scales  as  far  as  90  ft.  from  the  summit,  if 
desired.  The  profiles  (Figs,  i  and  2,  pp.  8  and  9)  indicate  the  scales 
are  about  30  ft.  from  the  summit,  but  the  exact  location  is  not  specified 
by  figures. 

Mr.  Ewing: — Mr.  Chairman,  it  strikes  me,  if  you  cut  out  the  words 
"30  or  40  ft.,"  you  have  got  to  cut  out  the  whole  profile  of  the  hump. 
It  changes  the  condition  entirely.  The  gentleman  has  just  said  90  ft. 
You  cannot  place  it  at  that  point  and  use  the  profile  recommended  by 
the  Committee. 

Vice-President  Berg: — The  Chair  will  state,  in  the  way  the  Com- 
mittee puts  this,  30  or  40  ft.,  it  sliows  there  is  a  certain  variation  in 
their  minds  possible. 

Mr.  Ewing: — My  point,  Mr.  Chairman,  was  that  the  Committee 
recommended  that  the  scales  should  be  on  a  2  per  cent,  grade,  and 
the  profile,  as  recommended,  is  based  on  locating  a  scale  about  that 
distance  on  a  2  per  cent,  grade.  If  the  Committee  is  required  to  move 
the  scale  90  ft.  farther  it  will  result  in  the  adoption   of  another  profile. 

Mr.  Cummings: — I  simply  make  it  where  you  want  to  locate  the 
scales,  just  the  length  of  the  scales. 

Vice-President  Berg: — Gentlemen,  we  will  now  take  a  vote  on  the 
motion  to  omit,  in  conclusion  No.  13,  the  bracketed  words  "30  to  40  ft. 
is   recommended." 

(By  a  rising  vote  the  motion  to  eliminate  the  words  "30  to  40  ft. 
is  recommended"  was   carried.) 

Vice-President  Berg:— Unless  objection  is  made  we  will  consider 
that  conclusion   13  is  adopted  as  amended. 


582  DISCUSSION  ON  YARDS  AND  TERMINALS. 

The  Secretary: — (14)  For  average  conditions  it  is  recommended 
that  No.  8  frog  be  the  sharpest  used  in  classification  yards. 

Mr.  Atwood: — I  would  like  to  hear  from  the  Committee  what  the 
objection  was  to  the  other. 

Vice-President  Berg: — The  Committee  will  please  state  what  guided 
it  in  now  recommending  a  No.  8  frog  to  be  used  in  classification  yards 
in  place  of  the  recommendation  of  last  year,  relative  to  the  use  of 
No.  9  frogs. 

Mr.  Stevens : — A  No.  8  frog  takes  less  room  and  turns  more  angle 
than  No.  9  frog,  costs  less  money  and  will  do  the  work  as  well.  If  it 
is  desirable  to  turn  more  angle  behind  a  frog  it  can  be  done  as  readily 
behind  No.  8  as  behind  No.  9.  In  all  the  work  illustrated  in  the 
report  No.  8  frogs  are  used,  and  tracks  are  tangent  back  of  the  frog. 

Mr.  Cushing: — I  would  like  to  say  that  we  are  using  No.  7  with 
success. 

Mr.  H.  J.  Pfeifer  (Terminal  Railroad  Association  of  St.  Louis)  : — 
In  the  vicinity  of  St.  Louis  the  standard  frog  for  a  classification  track 
is  the  No.  7,  and  I  have  yet  to  hear  of  any  complaints  about  its  being 
too  sharp.  By  using  this  frog  considerable  space  is  saved  in  compari- 
son with  a  No.  8  or  a  No.  9  frog,  which  materially  reduces  the  dis- 
tance to  be  traveled  by  the  cars  and  by  the  switchmen,  which  is  de- 
sirable. 

Vice-President  Berg: — No  further  remarks?  We  will  consider 
clause  14  adopted.  That  completes  the  adoption  of  the  conclusions 
relating  to  hump  yards. 

Mr.  A.  P.  Greensfelder ! — Returning  to  clause  8,  I  would  suggest 
that  the  word  "outgoing"  be  eliminated,  in  order  to  concur  with  the 
amendment  to  that  clause  just   adopted  by  the   Association. 

Vice-President  Berg: — The  Committee  will  accept  that  and  the 
correction  will  be  made. 

Mr.  Ewing: — If  I  am  in  order,  before  passing  the  hump  yards  I 
would  like  to  ask  the  Committee  how  it  reached  the  conclusion  that 
1,200  cars,  to  be  classified  in  24  hours,  should  be  the  minimum  limit  for 
a  hump  yard?  It  is  quite  interesting  to  know  that.  I  know  that  there 
is  a  dividing  point  between  a  poling  yard  and  a  hump  yard,  but  to  put 
that  at  such  a  high  limit  as  1,200  is  going  to  cut  out  a  good  many 
hump  yards.     That   statement   is   found   on   page  6. 

Mr.  Stevens: — As  you  will  note  by  reading  the  text,  this  is  not 
the  recommendation  of  the  Committee,  but  a  suggestion  made  to  the 
Committee,  which  is  transmitted  to  the  Association  in  this  way  for 
such  consideration  as  they  see  fit  to  give  it. 

Mr.  Atwood : — I  would  like  to  make  a  motion  that  it  is  the   sense 
of   this   meeting   that   the    suggestion    on    page   6,    where    it   says    it   has 
been  suggested  to  the  Committee  that   1,200  cars  should  be  classified  in 
24  hours  shall  be  the  minimum  limit,  is  not  a  good  one. 
Mr.  Ewing: — I  second  the  motion. 
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Mr.  Pfeifer:— As  this  clause  was,  I  believe,  put  into  the  Committee 
report  at  my  suggestion,  I  will  give  briefly  my  reasons  for  advocating 
il.  In  a  hump  yard  it  is  necessary  to  use  a  very  large  switching  crew 
on  account  of  the  great  number  of  car  riders.  This  crew  frequently 
contains  eighteen  or  more  men.  To  be  economical  it  must  be  employed 
almost  constantly.  If,  therefore,  there  are  not  sufficient  cars  ready  to 
be  switched  the  crew  will  have  a  large  amount  of  idle  time  on  its 
hands. 

We  have  on  our  lines  an  ordinary  gravity  yard,  in  which  we  can 
classify  from  60  to  70  cars  per  hour  with  a.  crew  of  three  switchmen, 
an  engineer  and  a  fireman.  Two  crews  of  this  size,  one  working  days 
and  the  other  nights,  frequently  switcli.  over  1,100  cars  in  twenty-four 
hours,  with  a  car  damage  that  is  not  excessive. 

After  a  crew  of  this  size  has  completed  the  classification  work 
there  is  to  be  done  they  are  available  for  other  yard  work,  such  as 
delivering  cars  to  industries  and  connections,  while  a  crew  of  the  size 
required  in  a  hump  yard  cannot  be  used  to  advantage  in  any  other 
^vind  of  service  with  which  I  am  familiar.  It  was  therefore  as  a 
measure  of  operating  economy  that  I  offered  this  suggestion. 

The  companies  with  which  I  am  associated  are  strictly  switching 
'lines.  We  receive  cars  from  all  of  the  railroads  entering  St.  Louis  for 
classification  and  after  they  have  been  classified  we  deliver  them  to 
other  lines  and  to  yards  and  industries  on  our  own  rails.  When  there 
are  no  cars  to  classify  in  any  one  of  our  classification  yards  the 
engine  and  crew  serving  that  yard  are  assigned  to  other  work.  The 
saving  that  can  be  made  by  a  yardmaster  who  watches  his  work 
closely,  under  the  conditions  I  have  outlined,  will  run  into  thousands 
of  dollars  a  year. 

Vice-President  Berg : — Gentlemen,  the  vote  will  be  on  the  motion 
of   Mr.    Atwood. 

(By  a  rising  vote  the  motion  by  Mr.   Atwood  was  lost.) 

Mr.  G.  D.  Brooke  (Baltimore  &  Ohio)  : — I  think,  inasmuch  as 
"30  to  40  ft.  as  recommended"  has  been  stricken  out,  that  some  change 
in  the  recommended  grade,  as  outlined  in  paragraph  10,  should  be 
made,  so  that  there  will  be  some  provision  for  placing  the  scale  on 
a  2  per  cent,  grade.  If  the  scale  is  placed  90  ft.  from  the  hump,  for 
instance,  it  will  be  below  the  2  per  cent,  grade  as  established  in  that 
paragraph. 

Mr.  Ewing: — I  do  not  know  that  any  revision  of  the  profile  is 
required.  The  Association  has  not  gone  on  record  as  recommending 
any  distance.  They  have  simply  cut  out  "30  to  40  ft."  As  it  now 
stands  there  is  only  one  point  at  which  ihe  scale  may  be  located  on 
that  profile,  and  that  is  30  to  40  ft. 

Vice-President  Berg: — The  Secretary  will  read  conclusions  I,  2  and 
3,  Yard  Lighting,  page  32. 
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The  Secretary:— (i)  For  yard  lighting  the  use  of  arc  lamps  of 
2,000  candlepower  is   recommended. 

(2)  For  lighting  hump  and  ladder  tracks,  the  lamps  should  be 
spaced  140  to  150  ft.  apart  and  hung  28  ft.   (or  more)   above  the  tracks. 

(3)  For  lighting  body  tracks,  the  spacing  should  be  such  that  cars 
will   be    clearly    visible. 

Vice-President  Berg: — If  there  are  no  remarks,  the  conclusions 
will  be  considered  adopted.  We  will  now  take  up  the  question  of 
freight   transfer   stations. 

The  Secretary: — (i)  Freight  transfer  stations  should  be  located 
at  points  where  traffic  converges,  or  diverges,  or  both,  and  where 
necessity  exists  for  its  consolidation  or  separation. 

(2)  The  installation  should  provide  for  the  greatest  possible  econ- 
omy of  operation  both  as  to  time  and  cost  of  handling. 

(3)  Where  fixed  platforms  are  used,  they  should  be  covered,  and 
it  is  recommended  that  the  widlh  under  ordinary  conditions  be  not 
more  than  24  ft.,  and  that  the  tracks  on  either  side  be  built  in  pairs. 
If  greater  facilities  are  required,  additional  platforms  8  ft.  in  width 
may  be  provided  outside  of  the  first  two  tracks  and  additional  tracks 
placed  outside  of  them.  The  width  of  these  additional  platforms  may 
be  8  ft.  if  without  roofs,  or  12  if  covered  by  roofs  supported  by  a 
line  of  posts  in  the  middle. 

(4)  Where  large  amounts  of  freight  are  to  be  transferred,  the  use 
of  power-driven  covered  traveling  platforms,  instead  of  fixed  platforms, 
is  suggested. 

Vice-President  Berg: — Conclusions  i,  2,  3  and  4  will  be  considered 
adopted. 

Mr.  Cushing : — I  would  like  to  ask  if  there  are  any  such  installa- 
tions  now,   and    if    so,   what    are   the    particular   advantages? 

Mr.  Stevens : — So  far  as  I  know  there  has  never  been  an  installa- 
tion of  this  kind,  but  in  our  great  pressure  at  times,  on  account  of 
length  of  haul  to  be  traveled  by  the  truckmen,  and  the  impossibility  of 
accomplishing  as  much  work  in  a  given  time  over  a  fixed  platform  as 
was  necessary,  this  expedient  was  devised,  and  it  has  been  used  only 
to  the  extent  of  an  emergency  measure  to  help  out  in  cases  of  that 
kind,  but  it  worked  so  well  as  an  emergency  measure  that  it  was 
thought  worth  while  to  submit  it  to  the  Association  for  thought  and 
consideration. 

Mr.  M.  L.  Byers  (Missouri  Pacific)  : — Going  back  to  paragraph 
3,  .it  is  frequently  desirable,  in  making  platforms,  to  make  them  the 
snme  width  as  the  track  spaces,  or  multiples  thereof,  unless  there  is 
some  reason  to  the  contrary.  We  are  continually  confronted  with 
changes  in  conditions,  where  we  wish  to  substitute  tracks  for  plat- 
forms, and  platforms  for  tracks,  and  if  our  original  designs  are  ar- 
ranged on  that  general  basis,  it  very  much  facilitates  such  rearrange- 
ment. 
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Vice-President  Berg: — The  remarks  by  Mr.  Byers  are  pertinent, 
but  there  is  no  motion  for  reconsideration  of  No.  3. 

Mr.  McDonald : — I  move  that  that  suggestion  be  referred  back  to 
the   Committee   for    further    elaboration. 

(Motion   seconded.) 

Vice-President  Berg: — Has  the  Committee  any  suggestion  to  make 
in  regard  to   referring  back  this  paragraph  4? 

Mr.  Stevens : — Paragraph  4  is  only  a  suggestion.  It  is  given  to 
the  Association  merely  as  information,  if  we  might  so  put  it.  It  is  a 
suggestion  that  the  scheme  of  transfer,  as  explained,  is  thought  to  be 
a  good  one.     That  is  about  as  far  as  it  goes. 

Vice-President  Berg:— Was  it  Mr.  McDonald's  motion  to  receive 
paragraph  4  as  information? 

Mr  McDonald : — I  simply  wanted  it  done  to  avoid  adopting  it  as  a 
conclusion. 

Mr.  Stevens : — So  far  as  the  Committee  knows,  there  is  no  installa- 
tion of  this  kind  in  existence.  Ii  has  only  been  used  as  an  emergency 
measure,  using  other  cars  for  the  purpose,  and  inasmuch  as  there  has 
never  been  any  regular  installation  of  it,  and  this  method  of  transfer- 
ring freight  has  never  been  generally  adopted  anywhere,  I  do  not  think 
we  could  do  much  more  with  it. 

Mr.  McDonald : — It  is  submitted  under  the  head  of  conclusions. 
If  we  simply  read  it  and  pass  it,  as  we  have  done,  it  will  go  into  the 
Manual  as  a  conclusion  of  the  Association,  which,  under  present  condi- 
tions, would  not  be  proper. 

Vice-President  Berg: — The  statement  of  the  speaker  is  correct. 
Therefore  the  phraseology  might  be  toned  down  so  as  to  express  the 
views  of  the  meeting,  that  it  is  a  desirable  scheme  for  further  con- 
sideration and  that  we  think  sufficiently  of  the  scheme  to  endorse  it  in 
that  way.     Otherwise  we  should  receive  the  clause  as   information. 

Mr.    Cushing: — I   move   that   it  be   eliminated  from   the   conclusions. 

Mr.    McDonald : — I    will   withdraw    my   motion. 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Erie)  : — I  would  suggest,  for 
the  two  words  "is  suggested,"  you  substitute  the  three  words  "should 
be  considered." 

Vice-President  Berg: — It  is  somewhat  mandatory.  The  motion  is 
on  the  elimination  of  clause  4  as  a  conclusion  to  go  in  the  Manual. 

(Upon    vote,   the   motion   was    carried.) 

Vice-President  Berg: — We  will  now  take  the  last  conclusion  of  the 
Committee    on    Freight    Handling    Machinery. 

The  Secretary: — (i)  The  use  of  freight  handling  machinery  at 
railway  freight  houses,  warehouses  and  shipping  piers  is  worthy  of 
consideration. 

(Upon  motion,  duly  seconded  and  carried,  this  conclusion  was  or- 
dered omitted  from  the  conclusions.) 
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Vice-President  Berg: — The  Committee  will  be  relieved,  with  the 
thanks   of   the   convention. 

Mr.  H.  M.  North  (Lake  Shore  &  Michigan  Southern — by  letter)  : — 
Complying  with  the  request  that  I  furnish  the  Committee  on  Yards 
and  Terminals  a  discussion  on  their  report  to  the  Association  in  Bul- 
letin 95,  January,  1908,  I  respectfully  submit  the  following  as  my  ideas 
on  this  report : 

Page  6:  Narrative  as  follows,  beginning  in  line  22,  shown  by  my 
quotation  marks,  should  be  amended  by  the  addition  I  give.  "The  gradt 
approaching  the  hump  should  not  be  greater  than  that  of  the  main 
track  over  which  the  trains  to  be  classified  have  been  hauled  by  one 
engine;"  desirable  as  is  this  requirement,  it  cannot,  as  a  usual  thing,  be 
observed,  without  very  serious  consequences  to  other  more  important 
features,  and  accordingly  is  usually  disregarded  and  very  heavy  hump 
engines  used  as  motive  power  as  the  best  way  of  meeting  the  situation. 

Page  7 :  The  radius  of  the  vertical  curve  at  the  apex  of  the  ap- 
proach grade  and  the  momentum  grade  beyond  should  be  as  short  as 
possible  in  order  to  give  as  quick  a  start  of  the  cut  of  cars  as  is  pos- 
sible. Where  the  change  of  grade  does  not  exceed  a  total  of  5  per 
cent.,  this  can  be  accomplished  in  50  ft.  without  difficulty,  which  cor- 
responds  tQ  a  radius  of   1,000  ft. 

It  is  not  my  idea  that  a  2  per  cent,  grade  is  advisable  on  a  scale, 
because  such  a  grade  on  the  favorable  running  conditions  of  scale  track 
would  be  a  momentum  grade,  and  consequently  call  for  the  application 
of  brakes  to  control  the  speed,  this  brake  application,  in  turn,  jarring  and 
wearing  the   weighing  machinery   needlessly. 

The  place  where  momentum  should  be  given  "weigh  cars"  is  prior 
to  their  coming  on  to  the  scale,  this  momentum  to  be  sufficient  to  carry 
them  across  the  scale  at  the  correct  rate  of  speed  for  weighing.  After 
the  car  has  entirely  cleared  the  scale,  any  further  momentum  desired 
should  be  secured  by  a  new  momentum  grade. 

The  attempted  use  of  the  scale  itself  as  a  portion  of  the  momentum 
grade,  in  the  "writer's  opinion,  woiild  be  to  the  serious  disadvantage 
of  the  weighing  work.  It  is  possible  that  no  greater  inaccuracy  would 
be  involved  in  weighing  on  a  2  per  cent,  grade,  on  the  scale,  than  on 
I  per  cent.,  but  such  is  not  the  belief  of  those  whose  experience  in 
weighing  is  known  to  the  writer,  and  such  knowledge  as  the  writer  has 
is  to  the  contrary. 

It  is  not  the  writer's  belief  that  the  Committee  has  fully  considered 
the  effect  of  operating  practice,  in  the  statement  of  its  conclusions  as  to 
the  need  of  a  dead  rail ;  or  else  operation  as  observed  by  the  Committee 
is  much  different  from  that  with  which  the  writer  is  familiar.  It  is 
usually  the  case  that  a  hump  approach  grade  is  steep,  and  the  motive 
power  assigned  is  taxed  to  the  utmost  to  handle  a  cut  of  cars  over 
the  hump.  If  there  are  cars  to  be  weighed  in  a  cut  of  cars,  that  entire 
cut  must  be  shoved  over  the  scale,  owing  to  the  impracticability  of 
shunting    operations    on    the    approach    grade.     It    will    readily    be    seen 
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that  to  cut  out  the  weigh  cars  from  non-wcigh  cars,  by  switching  in 
the  receiving  yard,  would  entail  some  of  the  very  delays  and  expense 
that  gravity  yards  are  designed  to  avoid ;  also  in  the  work  of  shoving 
a  cut  of  cars  over  a  hump  it  will  readily  be  seen  that  to  shove  one 
car  over  the  live  rail,  ihen  reverse  the  engine  and  back  the  cut  down 
the  approach  to  clear  the  dead  rail  switch  and  then  start  forwa-rd 
against  the  approach  grade,  involves  an-  expense  and  delay  worse  than 
switching  out  the  cars  in  the  receiving  yard,  and  that  few  operating 
men  would  attempt  such  a  practice  except  as  a  last  resort.  Accordingly, 
some  other  solution  of  the  difficulty  must  be  sought.  This  solution  is 
one  of  three  possible   methods  of  operation,   as   follows : 

(i)  Either  a  cut  of  cars  containing  one  or  more  weigh  cars  must 
all  be  shoved  over  the  live  rail,  securing  the  weights  of  such  as  are 
required. 

(2)  Or  the  scale  must  be  placed  farther  down  the  hump,  with  the 
dead  rail  switch  on  the  advance  side  of  the  apex  of  the  hump.  This 
method  involves  a  long  momentum  grade,  which  is  alone  enough  to 
seriously  lessen  the  efficiency  of-  a  yard,  and  is  not  to  be  considered  as 
a  solution.  Such  yards  as  are  so  designed  are  a  forcible  example  of 
this  evil. 

(3)  Or  the  scale  must  be  placed  in  the  heart  of  the  classification 
yard  on  some  one  of  the  classification  tracks.  This  method  is  the  pref- 
erable one  where  the  volume  of  business  permits  it,  but  is  not  adapted 
to  yards  where  the  proportion  of  weigh  cars  to  the  total  is  large. 

Conceding  the  above  statements  of  operating  practice,  it  is  manifest 
that  a  dead  rail  is  unnecessary.  As  the  best  solution  of  all  the  diffi- 
culties of  weighing  on  a  hump,  the  writer  believes  a  scale  of  capacity 
largely  in  excess  of  the  loads  should   be  purchased. 

The  writer  cannot  subscribe  to  the  statement  on  page  7,  reading 
as  follows :  "It  has  also  been  found  by  actual  practice  that  scales  located 
on  the  hump  track  do  not  decrease  to  any  appreciable  extent  the  num- 
ber of  cars  handled  over  the  hump  per  hour."  This  statement  may  be 
true  so  far  as  the  actual  handling  of  traffic  at  some  individual  point, 
where  there  is  insufficient  traffic  to  keep  a  hump  going  any  faster  than 
corresponds  to  the  slow  movement  of  cars  over  a  hump,  or  it  may  be 
true  in  a  yard  so  illy  designed  that  cars  are  prevented  from  moving 
faster  than  corresponds  to  the  speed  of  weighing.  Neither  of  such  cases 
would  be  a  fair  criterion  of  what  efficient  work  and  skillful  design  should 
accomplish,  and  it  is  a  well-known  fact  that  the  scale  operation  is 
embarrassing,  however  handled,  and  that  no  method  of  handling  the 
weighing  work  at  the  speed  of  classification  work  has  yet  been  devised. 

The  statistics  of  weighing  speeds,  on  page  11,  are  unquestionably 
true,  but  just  as  incorrect  as  if  untrue.  The  writer  has  seen  14  cars 
per  minute  classified  over  a  plain  hump,  and  eight  cars  per  minute 
weighed.  These  were  exceptional  results,  caused  by  presence  of  high 
officials,  a  desire  for  record  work,  favorable  operating  conditions,  a 
sufficient  supply  of  cars  and  plenty  of  riders.     Such  combinations  produce 
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extraordinary  results,"  of  course,  but  the  results  do  not  represent  the  out- 
put day  and  night,  fair  weather  and  storm,  good  track  and  bad,  and 
figures  for  the  average  output  cannot  be  developed  from  such  record 
work.  A  yard,  and  its  features,  are  not  for  display  or  advertisement, 
but  rather  for  ihe  simple  work  of  placing  cars  and  their  contents  in 
the  proper  order  for  forwarding  to  destination,  and  the  real  conditions 
involved  should  control   design,   construction   and   operation. 

The  above  suggestions  as  to  practice,  found  desirable  in  the  writer's 
experience,  are  respectfully  submitted  at  the  request  of  the  Committee 
for  such  use  as  they  may  serve.  The  recommendations  of  the  Committee 
are  subscribed  to,  except  those   on  the   subject   of  track   scales. 

The  article  on  freight. platforms  and  houses  might  well  be  concluded 
by  emphasis  on  the  pay-roll  economies  readily  procurable  by  the  sub- 
stitution of  well-designed  freight  houses  and  transfer  platform  for  the 
ordinary  types  of  construction. 


REPORT  OF  COMMITTEE  NO.  I— ON  ROADWAY. 

(Bulletin     97.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

The  Board  of  Direction  has  assigned  the  following  subjects  to  your 
Committee  on  Roadway: 

(i)  Consider  the  question  of  grade  and  curve  improvement  work 
as  it  applies  to  conditions  inside  cities,  such  as  track  elevation  and 
depression,  confining  these  investigations  to  the  consideration  of  prac- 
tical methods   and   organization,  and   omitting  the   economic   features. 

In  response  to  a  circular  of  inquiry,  the  Committee  has  obtained  a 
large  amount  of  valuable  information,  and  it  has  seemed  to  your  Com- 
mittee desirable  to  present  this  data  in  tabular  form.  A  number  of 
blueprints  and  photographs  of  work  under  construction  accompanied 
some  of  the  replies  received,  which  h^ve  been  placed  on  file  in  the 
Secretary's  office;  members  interested  have  the  privilege  of  inspecting 
them. 

Since  the  report  has  been  put  in  type,  some  additional  information 
has  been  received,  showing  track  elevation  and  depression  work  on  the 
New  York  Central  Lines.  This  valuable  material  will  be  published  in 
a  Bulletin  after  the  convention.  The  Committee  has  also  obtained  a 
list  of  references  to  articles  published  on  track  elevation  and  depression 
in  cities,  and  will  issue  this  information  after  the  annual  meeting.  This 
compilation  was  received  too  late  to  be  incorporated  in  this  report. 

(2)  Tabulate  and  prepare  information  bearing  upon  the  subject 
of  the  general  practical  work  of  grade  and  curve  improvement  work, 
confining  these  investigations  to  the  consideration  of  practical  methods 
and  organization,  and  omitting  the  economic  features. 

This  subject  has  been  carefully  considered  by  your  Committee,  and 
a  report  on  the  matter  is  jtresented  in  the  following  pages. 

(3)  Report  on  the  best  method  of  determining  the  size  of  water- 
ways. 

A  careful  review  has  been  made  of  ihe  literature  of  the  subject  of 
the  determination  of  the  waterway  for  culverts  with  a  view  to  formu- 
lating a  complete  report,  as  directed  by  the  Board  of  Direction.     Certain 
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deductions  of  interest  have  been  made,  but  it  has  been  deemed  best  to 
collect  fresh  information  as  to  current  practice  on  the  various  roads 
represented  in  the  Association  membership.  To  this  end  a  circular  of 
inquiry  will  be  issued  at  an  early  date,  and  in  the  meantime  your  Com- 
mittee begs  leave  to  submit  as  a  progress  report  the  accompanying  list  of 
references  to  the  literature  of  the  subject. 

CONCLUSIONS. 

Your  Committee  recommends  the  aidoption  of  the  following  con- 
clusions : 

(i)  That  the  recommendations  under  the  heading  of  curve  and 
grade  improvement  inside  cities,  such  as  track  elevation  and  depression, 
arc   good  practice. 

(2)  That  the  recommendations  of  the  Committee  in  regard  to  the 
practical  work  of  grade  and  curve  improvement  work,  as  it  applies  to 
work  outside  cities,  are  good  practice. 

Respectfully  submitted, 

H.  J.  Slifer,  General  Manager,  Panama  Railroad,  Colon,  Republic  of 
Panama,  Chairman. 

G.  H.  Bremner,  Engineer  Maintenance  of  Way,  Chicago,  Burlington  & 
Quincy,  Chicago,  111.,  Vice-Chairman. 

John  C.  Beye,  Locating  Engineer,  Chicago,  Rock  Island  &  Pacific  Rail- 
way, Chicago,  111. 

D.  J.  Brumley,  Principal  Assistant  Engineer,  Illinois  Central  Railroad, 
Chicago,   111. 

F.  R.  Coates^  Contracting  Engineer,  Chicago,  111. 

W.  M.  Dawley,  Assistant  Engineer,  Erie  Railroad,  New  York. 

Paul  Didier,  District  Engineer,  Baltimore  &  Ohio  Railroad,  Allegheny, 
Pa. 

C.  Dougherty,  Assistant   Chief  Engineer,   C,   N.   O.  &  T.   P.   Ry.,  Cin- 

cinnati,   O. 
S.  B.   Fisher,  Chief  Engineer,   Missouri,  Kansas   &   Texas   Railway,    St, 
Louis,   Mo. 

D.  MacPherson,  Assistant  Chief  Engineer,  Transcontinental  Railway, 
Ottawa,   Canada. 

W.  D.   Pence,  Professor  Railway  Engineering,  University  of  Wisconsin, 

Madison,   Wis. 
J.  G.  Sullivan,  Manager  of  Construction,  Can.   Pac.  Ry.,  Toronto,  Can, 
J.    E.    WiLLOUGHBY,    Engineer    of    Construction,    Louisville    &    Nashville 

Railroad,  Knoxville,  Tenn. 
R.    C.    Young,    Chief    Engineer,    Lake    Superior    &    Ishpeming    Railway,, 

Marquette,   Mich. 

Committee.. 
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GRADE    AND     CURVE    IMPROVEMENT    WORK    INSIDE    OF 
CITIES,  SUCH  AS  TRACK  ELEVATION  AND  DEPRESSION. 

Your  Committee  deduces  the  following  conclusions  from  the  answers 
received  to  a  circular  of  inquiry  regarding  track  elevation  and  depres- 
sion  work  inside  cities : 

CONCLUSIONS. 

*(i)  Organization. — There  should  be  a  Superintendent  of  Construc- 
tion in  complete  charge  of  the  work.  To  him  should  report  the  follow- 
ing officers  in  charge  of  the  various  branches  of  the  work:  The  Engi- 
neers, having  charge  of  the  contract  work  and  giving  lines  and  grades; 
the  Roadmaster,  in  charge  of  earthwork  and  track  work;  Engineer,  in 
charge  of  masonry  and  bridges;  the  Yardmaster,  in  charge  of  engines 
and  switching ;  the  Trainmaster  with  a  Dispatcher,  in  charge  of  the 
operation  of  traffic  over  the  territory  covered  by  the  work  in  hand. 
If  the  proportions  of  the  work  allow,  every  person  connected  with  this 
organization  should  be  relieved  from  all  other  duties  relating  to  the 
operation  of  the  read. 

*(2)  The  railroad  company  should  handle  with  their  own  force 
all  work  which  may  interfere  with  the  operation  of  the  road,  such  as 
track  raising  or  lowering,  filling  and  excavating,  handling  and  laying 
tracks,  moving  switches  and  putting  in  bridges  under  traffic.  All  other 
work  which  can  be  done  without  any  interference  with  the  operation  of 
the  railroad  should  be  let  by  contract,  both  for  economicil  and  political 
reasons;  this  consisting  of  street  work  and  concrete  work  where  prac- 
ticable. 

*(3)  As  far  as  practicable,  all  earthwork  should  be  handled  by 
machinery,  that  is,  loaded  by  steam  shovels  and  unloaded  by  plows, 
handled  by  cable  unloaders  and  moved  by  spreaders. 

*(4)     The  best  material  to  use  for  filling  is  sand. 

(5)  Bridge  work,  both  railway  and  highway,  should  ordinarily 
consist  of  temporary  bridges,  to  be  replaced  by  permanent  bridges  after 
tracks  are  elevated   or  depressed. 

(6)  Water,  sewer  and  gas  pipes,  electrical  conduits  and  wires 
should  be  taken  care  of  and  the  work  of  moving  them  should  be  done 
by  the  companies  owning  them,  whether  or  not  the  work  is  paid  for 
by  the  railroad  company. 


♦See   amendment,    pp.    609,    610. 
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MISCELLANEOUS     INFORMATION. 

Pennsylvania  Lines — Allegheny : 

About  six  hundred  feet  of  double  track  is  carried  on  a  half-through 
steel  plate  girder  viaduct  with  solid  wooden  floor  creosoted,  on  which 
ballast  is  placed.  Bridge  No.  i  is  a  pin-connected,  double  deck,  double 
track  bridge.  The  Lacock  Street  arch  is  made  of  brick  with  stone 
facing  walls  and  has  arch  rings  at  two  different  elevations,  carrying 
two  tracks  at  each  elevation.  All  of  the  highway  bridges  have  con- 
crete floors  paved  with  wooden  block  or  asphalt. 

Electrical  conduits  were  run  across  permanent  bridges   imbedded   in 
the  floor  wherever  possible.     They  were   taken   care  of   temporarily   by 
cables  run  across  the  tracks. 
Long   Island — Brooklyn : 

By  an  Act  of  Legislature  of  the  State  of  New  York  in  1905  the 
Brooklyn  Grade  Crossing  Commission  was  created  to  abolish  grade 
crossings  in  the  Borough  of  Brooklyn.  The  Commission  is  composed 
of  five  members,  three  representing  the  city  and  two  officers  of  the 
railroad  companies,  one  from  each  road.  The  Commission  organized 
their  own  engineering  staff  for  each  improvement — the  Long  Island 
work  is  known  as  the  Bay  Ridge  Improvement,  the  Brooklyn  Union 
Elevated  Railroad  Company  work  as  the  Brighton  Beach  Improvement, 
each  improvement  having  its  Chief  Engineer,  Resident  Engineers,  and 
subordinates,  all  being  entirely  separate  from  the  railroad  companies, 
except  that  the  Chief  Engineers  and  employes  were  recommended  by 
the  Railroad  Companies  and  appointed  by  the  Commission,  so  that  the 
interests  of  the  respective  companies  would  be  represented,  the  railroad 
companies  making  all  contracts  and  paying  all  bills,  and  the  city 
refunding  certain  amounts  as  prescribed  by  law. 

Work  could  possibly  have  been  handled  to  better  advantage  if  the 
contract  work  had  been  made  only  for  the  masonry  work  and  the  exca- 
vating of  material  and  placing  it  on  cars,  the  railroad  company  furnish- 
ing the  cars,  hauling  the  material  and  unloading  and  spreading  it.  This 
is  particularly  evident  where  work  is  to  be  carried  on  and  the  road 
kept  in  operation  for  passenger  and  freight  traffic,  as  was  necessary 
on  this  improvement.  From  the  records  kept,  an  analysis  of  the  work 
seems  to  indicate  that  the  excavation  and  embankment  would  have 
cost  from  20  to  25  per  cent.  less  if  handled  in  the  above  manner. 

It  would  have  been  a  good  idea  to  ask  in  the  questions,  where 
grade  crossing  work  has  been  going  on  in  cities,  whether  or  not  the 
railroad  company  has  received  any  help  from  the  municipality,  and 
of  what  nature.  This  probably  would  be  of  great  benefit  to  the  rail- 
road companies  when  any  proposed  separation  of  grades  is  contem- 
plated, as  there  is  a  movement  now  on  foot  in  the  State  of  New  York 
to  force  the  railroad  companies  in  the  future  to  do  all  this  work  at 
their  own  expense.  Therefore,  if  it  could  be  shown  in  a  great  many 
instances  throughout  the  country  that  the  railroads  have  had  municipal 
assistance  in  separating  grades,  it  would  be  of  great  help  in  offsetting 
adverse  legislation. 
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GRADE    AND    CURVE    IMPROVEMENT    WORK    OUTSIDE    OF 

CITIES. 

In  the  practical  consideration  of  large  grade  and  curve  reduction, 
the    following   kinds    of   railways    eliminate   themselves: 

All  roads  with  light  traffic,  the  improvement  of  which  does  not 
promise  remuneration  to  invested  capital. 

Portions  of  roads  rising  to  higher  levels  with  long  gradients,  as  in 
crossing  mountain  ranges  or  climbing  to  plateaus,  which  it  is  physical'v 
impossible  to  improve;  and 

Portions  of  roads  which  already  have  the  minimum  gradient,  as 
along    rivers    and    across    level    country. 

This  leaves  for  consideration  the  vast  majority  of  railroads  with 
large   and   growing  traffic   through   a   more   or    less    undulating   country. 

So  far  as  your  Committee  has  been  able  to  ascertain,  no  general 
rules  have  yet  been  adopted  anywhere  in  the  country  to  guide  in  carry- 
ing out  methods  of  grade  and  curve  reduction,  nor  has  practice  yet 
crystallized   in   fixed   forms. 

We,  therefore,  venture  to  outline  the  following  general  considera- 
tion, which  we  think  should  control  the  'work.  This  work  groups  itself, 
like  all  -railroad   enterprises,  under  location,   construction   and   operation. 

This  Committee  is  concerned  principally  in  the  best  methods  of 
carrying  out  construction.  In  order  to  do  this,  however,  it  must  cast 
its   eye  both  on    location   and   operation. 

It  must  be  assumed  that  the  location  is  the  best  the  country  will 
allow  and  circumstances  permit,  and  that  it  has  been  fully  completed, 
including  purchase  of  right-of-way;  that  whatever  grades  or  curves 
are  determined  upon,  they  are  established  and  will  not  be  changed  during 
construction. 

There  is  often  a  strong  tendency  to  hurry  on  to  construction  before 
enough  time   and   thought   is   given  to   location. 

It  must  be  kept  in  mind  that  the  real  object  of  it  all  is  to  haul 
tonnage  over  the  road  with  the  least  work  and  in  the  shortest  time. 

The  work  of  construction  groups  itself  naturally  under  some  such 
classification  as  the  following: 

A :    Improvement  in  alinement  only. 
(i)     For  single  track. 

(2)  For   double    track. 

(3)  From  single  track  to  double  track. 
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B:     Improvement  in  grade  only. 
(i)     For  single  track. 

(2)  For   double   track. 

(3)  From   single  track  to  double  track. 

C:    Improvement  in  grade  and  alinemeni. 
(i)     For   single  track  only. 

(2)  For   double   track. 

(3)  From  single  track  to  double  track. 

Each  one  of  these  subdivisions  has  much  in  common  with  all  the. 
others,  and  where  differences  do  occur  they  spring  from  circumstances 
peculiar  to  each  case. 

(a)     revision  of  alinement  without  change  in  grade. 

In  cases  where  the  alinement  only  is  being  revised  there  is  very 
little  interference  with  traffic  on  the  old  line,  such  interference  consist- 
ing mostly  of  provisions  for  crossing  the  old  line  with  material;  tem- 
porary supports  for  existing  structures,  where  the  new  line  closely 
approaches  the  old,  at  bridges  or  other  openings,  and  necessary  restric- 
tion of  speed  to  a  safe  limit  on  the  newly  constructed  track  or  old  track 
being   shifted   to    new    line,    under    traffic. 

(b)     revision   of   grade   without   substantial   change   in   alinemen'^^ 

(i)  Single  Track. 
This  work  naturally  consists  in  cutting  down  the  grade  of  the  track 
at  summits,  raising  same  in  depressions,  and  a  very  important  feature 
of  it,  as  stated  above,  is  the  provisions  necessary  to  be  made  for  taking 
care  of  the  traffic  of  the  line  while  the  work  is  in  progress.  Where 
practical  this  can  best  be  done  by  the  construction  of  a  temporary  traffic 
track,  so  located  as  to  separate  the  traffic  of  the  line  from  the  grade- 
reduction  work.  It  may  be  impossible  to  make  it  entirely  separate, 
so  that  there  will  be  some  points  at  which  it  will  be  necessary  to  raise 
or  lower  the  main  track  under  traffic.  The  amount  and  importance  of 
the  traffic  on  the  line  will  determine  the  expense  which  will  be  justified 
in  providing  a  temporary  traffic  track,  but  in  general  an  entire  separa- 
tion of  the  traffic  from  the  track  on  which  construction  work  is  being 
done,  is  very  desirable.  On  some  occasions  it  is  practical  to  shift  the 
alinement  so  that  the  new  line  will  be  far  enough  away  from  the 
original  line  to  permit  of  the  construction  of  new  cuts  and  fills  on  the 
revised   grade    without   interfering   with    the    traffic. 
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(2)  Double  Track. 
Your  Committee  believes  that  in  general  the  best  practice  in  making 
grade  reduction  on  double  track  is  to  operate  short  sections  of  the  line 
as  a  single  track  while  grading  is  being  done  for  the  other  track.  The 
sections  referred  to  would  naturally  be  those  between  two  points  where 
the  new  grade  line  connects  with  or  crosses  the  old. 

(3)     Single   Track  where   second   track   is   being   constructed    coincident 
with  grade  reduction. 

Under  these  conditions  it  may  be  practical  to  prepare  the  road- 
way for  the  additional  track  on  the  adopted  grade  and  to  construct 
this  track  and  place  the  traflfic  on  same,  after  which  the  original  track 
is  taken  up  and  grade  of  same  revised.  In  this  way  interference  with 
the  traffic  of  the  line  is  reduced  to  a  minimum. 

(C)       IMPROVEMENT     IN     BOTH     GRADE    AND     ALINEMENT. 

(i)  Single  Track. 
In  many  cases  covered  by  the  above  heading  the  new  alinement 
crosses  the  old  one,  and  the  new  grade  may  or  may  not  coincide 
with  the  old  at  points  of  crossing.  The  methods  of  the  construction  of 
those  portions  of  the  line  which  are  entirely  separate  from  the  old 
line  are  those  in  common  use  for  the  construction  of  an  entirely 
new  line  and  the  handling  of  traffic  at  the  time  of  its  introduction 
on  the  new  line,  particularly  at  the  point  where  the  new  line  crosses 
the  old,  is  a  matter  the  details  of  which  must  necessarily  be  worked 
out  for  each  case. 

(2)     Double  Track. 

It  may  be  found  practical  to  operate  portions  of  the  line  as  a  single 
track  while  grading  the  other  track.  Such  of  the  work  as  is  entirely 
separate  from  the  old  location  can  be  prosecuted  without  interference 
with  the  traffic. 

(3)     Single  Track  where  second   track  is   being  constructed   in   connec- 
tion with  grade  and  alinement  revision. 

The  methods  of  handling  work  covered  by  this  heading  are  similar 
to  that  under  heading  (C-i),  with  the  exception  that  construction  of 
the  second  track  makes  it  possible  to  more  readily  shift  the  traffic  from 
the  old  track  to  the  new. 

DRAINAGE. 

The  first  thing  and  the  last  thing  in  grade-reduction  work  is  taking 
care  of  the  drainage.     First  the  natural  water  courses  should  be  looked 
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after  and  ample  waterways  provided,  so  that  destructive  high  waters 
may  not  injure  the  new  work.  This  is  also  of  the  highest  importance 
to  tlie  permanent  work.  The  original  heavy  grade  undulating  railways 
dip  deep  down  into  the  val!eys  and  in  very  high  waters  the  flood  line 
has  often  overtopped  the  rail  without  serious  damage.  The  reduced 
grade  line  is  always  high  above  the  valley,  and  unless  enough  water- 
way is  given  to  carry  the  extreme  floods  the  waters  will  at  first  be 
dammed  back  and  then  go  through  the  embankment,  taking  more  or 
less  of  it  along  with  them.  As  far  as  practicable  also  surface  drains, 
large  and  small,  should  be  made  in  advance  of  the  making  of  the  road- 
bed. The  last  thing  is  to  provide  ditches  in  the  cuts.  As  the  slope 
of  these  ditches  is  much  less  than  the  slope  of  the  original  ditches, 
they  must  have  a  correspondingly  greater  area,  and  be  furnished  with 
uniform    slope   and   smooth   perimeter. 

The  growing  of  shallow,  water-holding  potholes  in  the  roadbed 
is  a  disease  which  grows  worse  and  worse  as  time  rolls  along  and 
traffic  becomes  more  dense.  In  the  original  roadbed  the  traffic  was 
at  first  light  and  kept  gradually  increasing  as  the  roadbed  became 
seasoned ;  under  these  best  conditions  these  potholes  have  come.  How 
much  worse  these  evils  may  develop  after  the  dense  traffic  is  thrown 
at  once  on  the  green  roadbed,  time  alone  will  tell  in  each  case.  The 
only  antidotes  that  can  be  named  are  most  of  all  thorough  drainage 
from  the  first,  the  crowning  of  the  roadbed;  high  in  middle,  low  at 
sides;  a  cushion  of  best  available  material  between  earth  and  ballast; 
and  when  potho'es  do  appear,  their  prompt  and  complete  drainage 
through  shallow  transverse  drains,  provided  with  tiling  and  filled  with 
broken  stone. 

CROSSINGS. 

Another  thing  which  should  be  attended  to  is  the  separation  of 
grades,  both  railway  and  highway,  wherever  it  is  practicable  to  do  it. 
The  diversion  of  different  lines  of  concourse  from  a  common  level  to 
over-  and  undcr-grade  not  only  avoids  many  mishaps  of  colliding,  but 
prevents  untold  delays  in  carrying  out  the  work  of  grade  reduction, 
and   its   good   effects   will    be    felt   as    long   as   operation   continues. 

STRUCTURES. 

The  elimination  of  temporary  structures,  such  as  wooden  bridges, 
with  permanent  bridges  of  concrete  and  steel,  deserves  careful  consid- 
eration.    When  grades  arc  reduced  to  0.3  and  0.4  per  cent.,  as  is  usually 
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now  done  when  such  work  is  undertaken,  the  physical  limit  of  grade 
reduction  has  been  closely  approached,  if  not  attained,  and  the  roadbed 
is  in  its  final  place.  By  the  use  of  concrete  arches  and  girders,  with 
ballast-carrying  floors,  the  roadway  can  be  made  nearly  continuous 
across  fills,  and  the  trouble  and  expense  of  incessant  breaks  running 
on  and  off  bridge  approaches  disappear  from  operation.  This  is  es- 
pecially important  in  this  class  of  work,  where  the  fills  are  so  often  high 
and  always  loose,  and  where  subsidence  is  both  great  in  amount  and 
long  in  time. 

TRAFFIC. 

The  keeping  of  the  traffic  of  the  road  apart  from  the  work  of  grade 
reduction  is  most  urgent  of  all  during  the  time  work  is  going  on.  While 
it  does  not  have  the  far-reaching  effects  of  the  preceding  considerations 
in  the  future  operation,  yet  for  the  present,  while  work  is  in  progress,  no 
railway  which  has  traffic  dense  enough  to  justify  reduction  of  grades 
can  afford  to  let  the  two  kinds  of  service  conflict  with  one  another  on 
the  same  tracks.  When  the  excavation  and  embankment  are  within 
moderate  reach  of  each  other,  it  is  best  to  provide  a  new  system  of 
tracks  for  the  grade-reduction  work.  If  they  are  so  far  apart  that 
miles  of  track  must  be  used  jointly,  then  separate  tracks  for  the  termi- 
nals of  grade-reduction  work  should,  by  all  means,  be  laid. 

Where  it  can  be  done,  an  entire  new  line  may  be  located  along  the 
old  one.  Often  a  temporary  roadway  may  be  built  to  carry  the  traffic 
outside  the  zone  of  interference  with  the  work.  Again,  the  new  loca- 
tion may  be  alongside  the  old  line,  so  as  to  give  the  traffic  room  to 
pass.  The  working  track  may  sometimes  be  taken  ever  or  under  the 
traffic-carrying  track,  when  crossings  are  necessary.  Each  section  of 
work  is  a  problem  by  itself,  and  calls  for  close  and  careful  considera- 
tion of  all  the  means,  methods   and  circumstances   surrounding  it. 

EARTHWORK. 

As  to  methods  of  carrying  out  the  work :  The  light  work,  the 
drainage  ditches,  small  cuts,  ends  of  large  excavations,  most  of  the  pre- 
paratory work,  and  all  work  with  short  haul  can  usually  best  be  done 
with  teams.  In  longer  hauls  and  heavier  work  there  is  a  field  for  the 
use  of  small  cars,  with  a  variety  of  ways  for  loading,  but  for  the  vast 
excavations  which  must  be  made  in  grade  reduction,  the  only  means 
which  can  seriously  be  considered  are  large  steam  shovels  and  other  such 
excavators,  with  all  necessary  appliances.     At  the  present  time  the  main 
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task  is  to  get  the  material  away  from  the  shovel ;  the  loading  is  far  in 
advance  of  the  hauling  capacity. 

Ample  shrinkage  should  be  put  on  both  crown  and  sides.  This  sub- 
sidence, greatest  at  first,  grows  less  and  less  with  time,  and  in  a  few 
years  may  cease.     (See  1907  Manual,  p.  34.) 

ORGANIZATION. 

As  to  organization,  the  life  of  which  is  usually  only  about  a  year, 
whether  the  work  is  done  by  contract  or  by  the  railway  forces,  there 
must  be  one  man  in  responsible  control  of  the  entire  work,  whom  we 
may   call  the    Superintendent  of   Construction. 

Directly  under  him  there  should  be  others,  whom  we  may  call 
Supervisors,  each  of  whom  should  have  charge  of  a  division  of  the 
work,  which  is  complete  in  itself,  and  can  be  handled  by  itself,  inde- 
pendent of  the  other  divisions. 

Under  the  Supervisor  there  should  be  as  many  foremen  as  necessary 
to  direct  the  gangs.  There  should  be  one  or  more  on  excavation,  one 
or  more  on  embankment,  a  track  foreman,  and  a  repair  foreman 
whose  duty  it  is  to  go  over  the  equipment  every  day  and  to  keep  it  up 
in   the   best   condition,    making    running   repairs. 

Each  man  in  direct  charge  must  have  authority  over  ihe  men  to 
compel  them  to  work  or  to  cease  working,  must  settle  all  conflicting 
claims  to  position,  right  of  track,  etc.,  and  especially  devote  his  constant 
attention  to  securing  quick  movement  in  all  parts  of  the  plant.  Equally 
important  is  the  general  layout  and  direction  of  the  work.  The  rela- 
tive position  and  order  of  the  successive  steam  shovel  cuts,  the  position 
of  each  loading  track,  and  all  features  of  the  work  should  be  de- 
termined in  advance,  and  the  carefully  wrought  out  plan  followed  to  the 
end.  This  should  be  done  by  the  man  in  responsible  charge  of  the  work, 
by  whatever  name  or  title  he  may  be  known.  This  careful  planning  in 
advance  insures  the  saving  of  time  and  money.  The  simplest  organ- 
ization is  the  best  for  carrying  on  the  work. 

CONCLUSIONS. 

The    following   rules   of   practice    are   recommended: 

(i)     Establish    the    lowest    gradient    and    lightest    curvature    which 

physical  conditions  and  the  present  and  prospective  business  of  the  road 

will  admit. 

(2)     Complete  the  location  entirely  before  entering  on  the  work  of 

construction. 
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(3)  Attend,  first  of  all,  to  surface  and  waterway  drainage,  and  last 
to   the  roadway   drainage   in   excavations. 

(4)  Separate  grades  of  railways  and  highways,  wherever  practi- 
cable. 

(5)  Eliminate  temporary  bridges,  etc.,  by  the  substitution  of  per- 
manent structures  in  concrete  and  steel,  wherever  it  can  be  done,  having 
in  view  the  formation  of  a  continuous  roadway  on  ballast. 

(6)  Do  all  light,  short  haul  and  preparatory  work  with  teams  or 
other  light  working  plant. 

(7)  Provide  separate  tracks  for  work  and  traffic,  wherever  it  can 
be   done. 

(8)  Have  a  well-defined  plan  for  conducting  heavy  excavation  be- 
fore starting  work. 

(9)  The  simplest  organization  is  the  best.  Some  one  man  should 
be  in  responsible  charge  of  the  work,  with  a  stafif  of  engineers  under 
him,  and  enough  supervisors  to  cover  the  work,  who  have  full  control 
of  men,  material  and  means  for  each  section,  with  foreman  and  gangs 
everywhere    needed. 

AMENDMENTS. 

GRADE    AND    CURVE    IMIROVEMENT    WORK    INSIDE    OF    CITIES,    SUCH     AS    TRACK 
ELEVATION     .\ND     DEPRESSION. 

(i)  Organization. — There  should  be  a  Superintendent  of  Con- 
struction in  complete  charge  of  the  work.  To  him  should  report  the 
following  officers  in  charge  of  the  various  branches  of  the  work:  The 
Engineers  having  charge  of  the  contract  work  and  giving  lines  and 
grades;  the  Roadmaster,  in  charge  of  earthwork  and  track  work;  the 
Engineer,  in  charge  of  masonry  and  bridges ;  the  Yardmaster,  in  charge 
of  engines  and  switching;  an  Assistant  Trainmaster,  with  a  Dis- 
patcher, in  charge  of  the  operation  of  traffic  over  the  territory  cov- 
ered by  the  work  in  hand,  may  sometimes  be  required.  If  the  propor- 
tions of  the  work  will  allow,  every  person  connected  with  this  organiza- 
tion should  be  relieved  from  all  other  duties  relating  to  the  operation 
of  the  road. 

(2)  The  railroad  company  should  handle  with  its  own  force  all 
work  which  may  interfere  with  the  operation  of  the  road. 

X3)  As  far  as  practicable,  all  earthwork  should  be  handled  by 
machinery. 

(4)     The  best   material    for    use    in    filling    is    that    which    combines 
low  first  cost,   ease  of  handling   and   stability. 
20 
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(5)  Bridge  work,  both  railway  and  highway,  should  ordinarily 
consist  of  temporary  bridges,  to  be  replaced  by  perrnanent  bridges  after 
tracks   are  elevated   or   depressed. 

(6)  Water,  sewer  and  gas  pipes,  electrical  conduits  and  wires 
should  be  taken  care  of  and  the  work  of  moving  them  should  be  done 
by  the- companies  owning  them,  whether  or  not  the  work  is  paid  for 
by  the  railroad  company. 

GRADE    AND   CURVE   IMPROVEMENT    WORK    OUTSIDE   CITIES. 

(1)  Organization. — The  simplest  organization  is  ihe  best.  Some 
one  man  should  be  in  responsible  charge  of  the  work,  with  a  staff  of 
engineers  under  him,  and  enough  supervisors  to  cover  the  work,  who 
have  full  control  of  men,  material  and  means  necessary  for  the  sections 
respectively   under   them. 

(2)  The  lowest  gi'adient  and  lightest  curvature  which  physical 
conditions  and  the  present  and  prospective  business  of  the  road  will 
warrant   should  be   established. 

(3)  The  location  should  be  entirely  completed  before  entering  on 
the   work    of  construction. 

(4)  Surface  and  waterway  drainage  should  first  be  given  considera- 
tion; and,  lastly,  the  roadway  drainage  in  excavations. 

(5)  The  grades  of  railways  and  highways  should  be  separated 
wherever  practicable. 

(6)  Temporary  bridges,  etc.,  should  be  eliminated  by  the  substitu- 
tion of  permanent  structures. 

(7)  All  light,  short  haul  and  preparatory  work  should  be  done 
with  teams  or  other  light  working  plant. 

(8)  Separate  tracks  for  work  and  traffic  should  be  provided  where 
conditions  warrant. 

(9)  There  should  be  a  well-defined  plan  for  conducting  heavy 
excavation   before   starting   work. 
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neers and  Surveyors,  vol.  3,  p.  28  (1888).  Secretary,  E.  E.  R.  Tratman, 
1636  Monadnock  Block,  Chicago,  111.  50  cents.  (Contains  data  on  the 
determination  of  waterways.) 

"Areas  of  Waterways  for  Railroad  Culverts  and  Bridges";  by 
George  H.  Bremner.  Journal  Western  Society  of  Engineers,  vol.  ll, 
p.  137  (April,  1906).  (The  method  described  is  the  result  of  a  number 
of  years  of  experience  of  the  author.) 

"Determining  the  Size  of  Railroad  Culverts";  by  S.  Whinery. 
Railroad  Gazette,  vol.  34,  p.  976   (Dec.  26,  1902)    (two  pages). 

"The  Design  and  Construction  of  a  50-ft.  Brick  Arch  Culvert  Across 
Rock  Creek,  Washington,  D.  C";  by  W.  J.  Douglas,  Engineering  News, 
vol.  48,  p.  534  (Dec.  25,  1902).  (Contains  data  on  the  use  of  different 
formulas    for   the   determination    of   waterways.) 

"How  to  Determine  Size  and  Capacity  of  Openings  for  Water- 
ways." Committee  Report.  Proceedings  of  the  Seventh  Annual  Con- 
vention of  Railway  Superintendents  of  Bridges  and  Buildings,  p.  86 
(1897).  Secretary  E.  E.  Schall,  South  Bethlehem,  Pa.  (The  aim  of 
the  committee  was  more  particularly  to  obtain  information  bearing 
upon  the  methods  actually  used  by  superintendents  and  engineers  of 
bridges   and  buildings    in    determining    waterways.) 

"Capacity  Required  for  Culverts  and  Flood-Openings";  by  George 
Chemier.  Minutes  of  Proceedings,  Institution  of  Civil  Engineers,  vol. 
134,  p.  S'^S    (1897-98).      (It   is  the  purpose  of   this  paper   to    indicate  a 
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method  of  determining  a  waterway  which  may  be  adapted  to  varying 
conditions  and  readily  applied  in  practice.) 

"Proper  Amount  of  Water-way  for  Culverts" ;  by  Thos.  M.  Clee- 
man.  Proceedings,  Engineers'  Club  of  Philadelphia,  vol.  i,  p.  146 
(1879).     (Discusses  different  formulas  for  determining  waterway.) 

"Notes  on  Track,"  p.  34;  by  W.  M.  Camp.  Chicago,  1903.  (Con- 
tains three  and  one-half  pages  on  the  calculation  of  the  area  of  culvert 
openings.) 

"Railroad  Construction,"  p.  197;  by  Walter  Loring  Webb.  (Con- 
tains five  pages  on  the  area  of  the  waterway  for  culverts.)      (Ac-i43a.) 

"Report  of  the  Operations  of  the  Engineer  Department  of  the  Dis- 
trict of  Columbia  for  the  Year  ending  June  30,  1893,"  p.  238.  Wash. 
Govt.  Printing  Office,  1893.  (Communication  submitting  estimates  of 
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for  the  determination  of  waterway.) 
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BRIDGEPORT,    CONN. 
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15  ft.  on  an  earth  bank  between  masonry  retaining  walls,  while  the  bal- 
ance of  the  line  is  depressed  below  the  old  grade.) 
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"Progress  of  the  Atlantic  Avenue  Improvement  of  the  Long  Island 
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authorized  to  enter  into  a  contract  with  any  railroad  company  for  the  re- 
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way companies  for  the  elimination  of  grade  crossings  as  provided  for  in 
a  contract  dated  Nov.  30,  1894.) 

"Specifications  for  Buffalo  Grade  Crossing  Work;  N.  Y.  C.  &  H.  R. 
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News,  V.  34,  p.  266  (Oct.  24,  1895).  (Outline  of  the  grade  crossing 
problem  and  general  features  of  the  work  to  be  done.) 
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Rapid  Transit  and  the  Avoiding  of  Accidents  at  Street  Crossings,"  by 
Max  E.  Schmidt.  Journal  Association  of  Engineering  Societies,  v.  9,  p. 
368  (July,  1890).     (A  suggestion  for  the  abohtion  of  grade  crossings.) 
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"Track  Elevation  in  Chicago."  Railroad  Gazette,  v.  30,  p.  21  (Jan.  14, 
1898).     (A  brief  review  of  the  policy  followed  by  the  city.) 

"The  Illinois  Central  Improvements  at  Chicago."  Railroad  Gazette, 
V.  30,  p.  55,  116  (Jan.  28,  Feb.  18,  1898).  (Illustrated  details  of  bulkhead 
work,  viaducts  and  yard.) 

"Track  Elevation  in  Chicago."  Railroad  Gazette,  v.  30,  p.  75  (Feb.  4, 
1898).  (Ordinances  relating  to  track  elevation  with  an  estimated  cost  of 
the  entire  work.) 
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"Track  Elevation  and  Depression  at  the  Sixteenth  Street  Crossing, 
Chicago."  Engineering  News,  v.  40,  p.  22  (July  7,  1898).  (Includes  plan 
of  track  elevation  and  depression  to  eliminate  grade  crossing  at  Fifteenth 
and  Sixteenth  streets;  cross-sections,  and  profile  of  the  new  grade  of 
Clark  Street.) 

"Track  Elevation  in  Chicago."  Railway  Age,  v.  26,  p.  534  (July  29, 
1898).  (Progress  of  the  work  of  eliminating  grade  crossings  at  Sixteenth 
Street.) 

"Track  Elevation  of  the  Chicago,  Burlington  &  Quincy  Railroad,"  by 
George  H.  Bremner.  Journal  of  the  Western  Society  of  Engineers,  v.  3, 
p.  1267  (Oct.,  1898).  (On  the  commencement  of  the  work  on  the  Chicago 
Burlington  &  Quincy  Railroad.) 

"Track  Elevation  of  the  Chicago  &  Northwestern  Railway,"  by  Louis 
H.  Evans.  Journal  Western  Society  of  Engineers,  v.  3,  p.  1227  (Oct., 
1898).  (Details  of  the  work,  fully  illustrated,  and  table  giving  summary 
to  date  of  all  track  elevation  in  Chicago.) 

"Track  Elevation  in  Hyde  Park,  Chicago,  of  the  Illinois  Central  Rail- 
road," by  H.  W.  Parkhurst,  Journal  Western  Society  of  Engineers,  v.  3, 
p.  1246  (Oct.,  1898).  (A  brief  account  of  the  first  piece  of  work  of  this 
character  in  the  City  of  Chicago.) 

"Track  Elevation  of  the  Chicago,  Milwaukee  &  St.  Paul  Railway," 
by  W.  L.  Webb,  W.  A.  Rogers  and  Albert  Reichmann,  Journal  Western 
Society  of  Engineers,  v.  3,  p.  1252  (Oct.,  1898.) 

"Concrete  Masonry  in  Chicago  Track  Elevation."  Railway  Review, 
V.  38,  p.  648  (Nov.  19,  1898.) 

"Track  Elevation  of  the  Pittsburg,  Ft.  Wayne  &  Chicago  Railway," 
by  W.  H.  Coverdale.  Journal  Western  Society  of  Engineers,  v.  3,  p.  1341 
(Dec,  1898).     (Technical  details;  illustrated.) 

"Track  Elevation  of  the  St.  Charles  Air  Line/'  by  H.  W.  Parkhurst. 
Journal  Western  Society  of  Engineers,  v.  3,  p.  1352  (Dec,  1898).  (Illus- 
trated.) 

"Joint  Track  Elevation  and  Depression  at  Sixteenth  and  Clark  Streets, 
Chicago,"  by  G.  W.  Vaughn.  Journal  Western  Society  of  Engineers, 
V.  3,  p.  1362   (Dec,  1898).     (Illustrated.) 

"Track  Elevation  of  the  Lake  Shore  &  Michigan  Southern  Ry.  and 
the  Chicago,  Rock  Island  &  Pacific  Ry.,"  by  Marvin  H.  Dey.  Journal 
Western  Society  of  Engineers,  v.  3,  p.  1376  (Dec,  1898).  (Contains 
statisticaltables  showing  the  progress  and  extent  of  the  work.) 

"Department  of  Track  Elevation,  City  of  Chicago,  Report  for  the 
year  1900."  (Detailed  account  of  the  proposed  changes,  with  illustra- 
tions and  maps.) 

"The  Progress  of  Track  Elevation  in  Chicago."  Engineering  News, 
v.  43,  p.  24  (Jan.  II,  1900).  (Editorial,  giving  summary  to  date  of  the 
number  of  miles  of  track  elevated  and  depressed  by  different  railroads.) 

"Track  Elevation  in  Chicago."  Engineering  News,  v.  43,  p.  18,  122 
(Jan.  II,  Feb.  22,  1900).     (A  list  of  ordinances  on  the  abolition  of  grade 
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crossings  in  Chicago  passed  to  Dec.  31,  1899,  with  the  work  covered  by 
each  ordinance.) 

■'The  Progress  of  Track  Elevation  in  Chicago."  Engineering  News, 
V.  43,  p.  24  (Jan.  II,  1900). 

"Work  of  the  Past  Year  in  and  Around  Chicago."  Railroad  Gazette, 
V.  34,  p.  172  (March  14,  1902).  (Contains  a  table  of  track  elevation.  City 
of  Chicago.) 

"Track  Elevation  of  the  Chicago  &  Western  Indiana  through  the 
City  of  Chicago."     Railway  Age,  v.  39,  p.  387  (March  24,  1905). 

"The  South  Western  Avenue  Boulevard  Nine-Track  Viaduct  in  Chi- 
cago." Engineering  Record,  v.  51,  p.  484  (April  29,  1905).  (Details  of 
a  viaduct  made  necessary  by  track  elevation  in  Chicago.) 

"Track  Elevation  on  the  Chicago  &  Northwestern  Ry.,  Chicago." 
Engineering  News,  v.  54,  p.  244  (Sept.  7,  1905).  (Details  of  retaining 
walls,  overhead  and  subway  bridges,  track  elevation,  etc.) 

"Kinzie  Street  Track  Elevation  of  the  Chicago  &  Northwestern,  Chi- 
cago." Railroad  Gazette,  v.  39,  p.  442  (Nov.  10,  1905).  (Details  of  an 
elevation  of  the  track  for  2.4  miles,  from  Kedzie  Avenue  to  Ada  Street, 
about  two  miles  west  of  Wells  Street  Station.) 

"Chicago  &  Western  Indiana  Track  Elevation  at  Chicago."  Railway 
Age,  V.  41,  p.  433  (March  22,,  1906).     (Progress  of  the  work  during  1905.) 

"A  Thirty-three  Track  Bridge  at  Chicago."  Engineering  Record, 
V.  SZ,  p.  731  (June  16,  1906).  (A  large  number  of  Erie  main  line  yard 
and  local  tracks  are  concentrated  at  Fifty-first  Street,  Chicago,  and  cross 
it  nearly  at  right  angles  with  a  vertical  clearance  of  about  16  feet  above 
the  surface  of  the  street.) 

"Track  Elevation  at  Chicago  on  the  Pittsburg,  In.  Wayne  &  Chicago 
Ry."     Engineering  Record,  v.  53,  p.  759  (June  23,  1906). 

"Bridges  on  the  Fortieth  Street  Line  of  the  Chicago  Junction  Ry." 
Engineering  Record,  v.  54,  p.  209  (Aug.  25,  1906).  (The  tracks  cross 
Wabash  Avenue,  Chicago,  on  a  through  plate  girder  bridge  100  feet  long 
and  39  feet  wide,  which  is  supported  by  the  masonry  abutments  on  both 
sides  of  the  street  and  by  two  bents  of  vertical  columns  at  the  curbs,  54 
feet  apart.) 

"The  Superelevation  of  Tracks  and  Bridges,  Metropolitan  West  Side 
Elevated  Railway."     Railway  Age,  v.  42,  p.  322  (Sept.  14,  1906). 

"The  Sixteenth  Street  Track  Elevation  of  the  Burlington  at  Chi- 
cago."    Railroad  Gazette,  v.  42,  p.  641    (May  10,   1907). 

"Special  Bridge  Structures  for  the  Track  Elevation  of  the  Chicago, 
Burlington  &  Quincy  Ry.  in  Chicago."  Engineering  Record,  v.  55,  p.  594 
(May  18,  1907). 

"The  Fortieth  Street  Track  Elevation  of  the  Chicago  Junction  Ry." 
Engineering  Record,  v.  56,  p.  32  (July  13,  1907).  (The  tracks  of  the  For- 
tieth Street  branch  are  being  elevated  on  a  fill  carried  between  heavy 
concrete  retaining  walls.) 

"Track  Elevation  in  Chicago."    Roadmaster  and  Foreman,  v.  22,  p. 
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138    (Aug.,   1907).     (Summaries  of  the   ordinances   passed  and   miles   of 
track  elevated  during  1906.) 

"Track  Elevation  on  the  Milwaukee  Division,  Chicago  &  North- 
western Ry."  Railway  Age,  v.  44,  p.  211  (Aug.  16,  1907).  (Cross-sec- 
tions showing  progress,  details  of  the  masonry  work  and  superstructures.) 

CLEVELAND^     OHIO. 

"Abolishment  of  Grade  Crossings ;  Report  of  Special  Committee,  De- 
cember 18,  1900."  Cleveland  Chamber  of  Commerce.  (An  investigation 
into  the  ordinances  on  this  subject  in  other  cities.) 

"Grade  Separation  at  Cleveland,  Ohio,"  by  George  H.  Tinker.  Rail- 
road Gazette,  v.  40,  p.  299  (March  23,  1906).  (Progress  on  the  work  of 
eliminating  the  grade  crossings  of  steam  railroads  and  city  streets.) 

"Pennsylvania  Grade  Separation  at  Cleveland."  Railway  Age,  v.  43, 
p.  406   (March  22,  1907). 

"Grade  Separation  in  Cleveland  on  the  Cleveland  &  Pittsburg." 
Railroad  Gazette,  v.  42,  p.  440  (March  29,  1907).  (Project  for  the  elimi- 
nation of  29  grade  crossings  on  the  6.8  miles  of  line  from  the  southerly 
city  limits  to  Alabama  Street.) 

EAST  ORANGE^  N.   J. 

"Report  on  the  Proposed  Grade  Alterations  of  the  D.,  L.  &  W.  Rail- 
road Through  the  City  of  East  Orange,  N.  J.,"  by  S.  Whinery.  East 
Orange,  N.  J.,  1906.  (A  report  of  a  plan  to  eliminate  grade  crossings; 
illustrated.) 

HARRISBURG,     PA. 

"A  Grade  Crossing  Removal  at  Harrisburg."  Railway  Age,  v.  32, 
p.  665  (Dec.  6,  1901).  (Describes  the  placing  of  Market  Street  in  a 
subway  to  avoid  crossing  the  tracks  at  grade.) 

HARTFORD,     CONN. 

"The  Asylum  Street  Crossing  at  Hartford,  Conn.,"  by  L.  B.  Bidvvell. 
Journal  Association  of  Engineering  Societies,  v.  9,  p.  530  (Nov.,  1890). 
(Brief  description  of  the  elevation  of  the  tracks  of  two  railroads  and 
arrangement  of  station  facilities.) 

INDIANAPOLIS,     IND. 

"Vandalia  Track  Elevation  at  Indianapolis."  Railway  Age,  v.  41, 
P-  435  (March  23,  1906).  (An  account  of  the  beginning  of  track  eleva- 
tion throughout  the  city.) 

"Vandalia  Track  Elevation  and  Improvement  Work  at  Indianapolis." 
Railroad  Gazette,  v.  43,  p.  774  (Dec.  27,  1907). 
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JERSEY   CITY,   N.   J. 

"The  Pennsylvania  Terminal  Improvements  in  Jersey  City."  Railroad 
Gazette,  v.  22,  p.  852  (Dec.  12,  1890).  (The  tracks  were  elevated  and  sup- 
ported partly  on  embankment  and  partly  on  steelwork.) 

"Improvements  to  the  Passenger  Terminals  of  the  Permsylvania 
Railroad  at  Jersey  City."  Engineering  News,  v.  24,  p.  572  (Dec.  27, 
1890).  (The  construction  of  a  four-track  viaduct  about  3,000  feet  in 
length,  replacing  the  old  surface  tracks  and  grade  crossings  through 
Jersey  City.) 

"The  New  Terminus  of  the  Pennsylvania  Railroad  at  Jersey  City." 
Engineering  News,  v.  24,  p.  276  (Sept.  26,  1891).  (Contains  half  a  column 
on  the  passenger  train  viaduct.) 

"Erie  Track  Elevation  in  Jersey  City."  Railroad  Gazette,  v.  29,  p. 
74  (Jan.  29,  1897).  (Discusses  the  proposed  elimination  of  grade  cross- 
ings.) 

"The  Proposed  Improvement  of  the  Erie  Railroad  Company's  Term- 
inal in  Jersey  City."  Railroad  Gazette,  v.  29,  p.  284  (April  23,  1897.) 
(Difficulties  of  the  project  for  the  elevation  of  tracks  at  Jersey  City. 

"The  New  Four-Track  Line  of  the  Erie  R.  R.  through  Bergen  Hill, 
Jersey  City."  Engineering  News,  v.  57,  p.  204  (Feb.  21,  1907).  (Includes 
project  for  open  cuts  and  tunnels  through  the  section  of  Jersey  City  knOwn 
as  "The  Heights.") 

LIVERPOOL,     ENGLAND. 

"The  Bold  Street  Extension  Tunnel  and  Central  Low-Level  Station 
of  the  Mersey  Railway,"  by  Charles  Arthur  Rowlandson.  Minutes  of 
Proceedings  of  the  Institution  of  Civil  Engineers,  v.  123,  p.  357  (1895-96, 
Pt.  i).  (By  the  Mersey  Railway  Acts  of  1882  and  1889,  powers  were 
granted  to  the  Company  to  extend  its  tunnel  underneath  the  whole 
length  of  Lord   and   Church   streets,   Liverpool.) 

LONDON,   ENGLAND. 

"The  City  Terminus  Extension  of  the  Charing  Cross  Railway,"  by 
John  Wolf  Barry.  Proceedings  Institute  Civil  Engineers,  v.  27,  p.  428 
(1867-68).  (Contains  a  short  description  of  the  viaducts,  etc.,  south  of 
the  Thames.) 

"The  Waterloo  and  City  Railway,"  by  Harley  Hugh  Dalrymple-Hay. 
Proceedings  Institute  Civil  Engineers,  v.  139,  p.  25  (1899-1900,  Pt.  i)- 
The  extension  of  the  tracks  of  the  London  and  South  Western  Railway 
into  London.) 

Discussion  on  the  Waterloo  and  City  Railway.  P-oceedings  Institute 
Civil   Engineers,  v.   139,  p.  97    (1899-1500,   Pt.   i). 

"The  Metropolitan  Terminus  of  the  Great  Central  Railway,"  by 
George  Andrew  Hobson  and  Edmund  Wragge.  Proceedings  Institute 
Civil  Engineers,  v.  143,  p.  84  (1900-01,  Pt.  i).  (Details  of  the  depression 
of  Tracks  under  the  City  of  London.) 
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LYNN,     MASS. 

City  of  Lynn;  Report  of  George  I.  Leland,  City  Engineer,  on  the 
subject  of  the  Abolition  of  Railroad  Crossings  at  Grade,  November  i, 
1901.    Lynn,  Mass.,  1901. 

MILWAUKEE,   WIS. 

"Track  Depression  of  the  Chicago  &  Northwestern  Railway  at 
Milwaukee."  Railway  Age,  v.  38,  p.  548  (Oct.  14,  1904).  (Details  of 
the  work  begun  June  6,  1903.) 

"Track  Elevation  and  Depression  at  Milwaukee."  Engineering 
News,  V.  53,  p.  264  (March  9,  1905).  (Details  of  elevation  and  depres- 
sion of  track  of  the  Chicago  &  Northwestern   Railway  at  Milwaukee.) 

MONTREAL,    CANADA. 

"Montreal  Terminus  and  Viaduct  Approach,  Canadian  Pacific  Rail- 
way."    Engineering  News,  v.   19,  p.   158    (March  3,   1888). 

"Construction  of  the  Ontario  and  Berri  Street  Subways,  Brock 
Street  Tunnel,  and  Notre  Dame  Street  Viaduct,"  by  Stuart  Howard. 
Proceedings  of  the  Canadian  Society  of  Civil  Engineers,  v.  14,  p.  i 
(Jan.,  1900).  (The  Ontario  Street  subway  was  constructed  to  permit 
of  a  roadway  being  built  under  the  C.  P.  R.  tracks  at  Hochelaga; 
the  Notre  Dame  Street  viaduct  was  built  for  the  accommodation  of 
the  Canadian  Pacific  Railway.) 

NASHVILLE,   TENN. 

"Bifurcated  Viaduct  Approaches  in  Nashville,  Tenn."  Railway  Re- 
view, v,  40,  p.  290  (May  26,  1900).  (A  short  description  of  a  viaduct 
for  crossing  the  railroad  tracks.) 

NEW    HAVEN,    CONN. 

"The  N.  Y.,  N.  H.  &  H.'s  New  Haven  Improvement."  Railroad 
Gazette,  v.  41,  p.  157  (Aug.  24,  1906).  (Details  of  the  reconstruction 
of  the  railroad  cut  through  the  city  of  New  Haven.) 

"The  Cut  Improvements  of  the  New  Haven  R.  R.  at  New  Haven." 
Engineering  Record,  v.  55,  p.  459  (April  13,  1907).  (The  new  roadbed 
will  be  from  2  to  8  ft.  below  the  old  one.) 

"New  York,  New  Haven  &  Hartford  Improvement  at  New  Haven." 
Railway  Age,  v.  44,  p.  178  (Aug.  9,  1907).  (A  description  of  the 
depression  of  the  tracks.) 

NEW    YORK    CITY. 

"Standard  'Overtrack'  Stations,  Harlem  Depression,  New  York 
Central  &  Hudson  River  R.  R."     Engineering  News,  v.  23,  p.  126   (Feb. 
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8,  1890).  (Short  description  of  a  standard  station  of  the  Harlem 
depression    in    New    York    City;    illustrated.) 

"The  'Harlem  Depression'  Work  on  the  New  York  Central." 
Railroad  Gazette,  v.  23,  p.  460  (July  3,  1891).  (The  construction  con- 
sists of  depressing  the  railroad  grade  and  raising  the  grade  of  such 
streets  as  cross  the  railroad,  and  carrying  ihem  on  overhead  bridges 
on  the  division  north  of  the  Harlem  River  in  New  York  City.) 

"Four-Track  Steel  Viaduct  in  New  York  City;  New  York  Central 
&  Hudson  River  R.  R."  Engineering  News,  v.  29,  p.  479  (May  25, 
1893).  (Illustrations  and  description  of  the  steel  viaduct  on  Park 
Avenue,  New  York  City,  from  iioth  Street  to  the  Harlem  River 
Bridge.) 

"New  York  Central  Track  Elevation  on  Park  Avenue."  Railroad 
Gazette,  v.  27,  p.  229  (April  12,  1895).  Technical  details  of  the 
elevation  of  the  four  tracks  of  the  New  York  Central,  along  Park 
Avenue,    New    York,    from    io6th    Street    north    to    the    Harlem    River.) 

"The  Park  Avenue  Viaduct  Improvement,  New  York  City."  Engi- 
neering Record,  v.  34,  p.  309  (Sept.  26,  1896).  (A  brief  description  of 
track  elevation  from  iioth  Street  to  134th  Street  at  the  south  side 
of  the  Harlem  River  and  continuing  to  i4Qth  Street  on  the  north  side 
of  the  river,  a   total    distance   of  about   2I/2   miles.) 

"New  York  Central  Track  Elevation  in  Park  Avenue,  New  York." 
Railroad  Gazette,  v.  29,  p.  25  (Jan.  8,  1897).  (Brief  illustrated  descrip- 
tion of  changes  that  have  been  made  in  the  original  plan.) 

"The  Elevated  Tracks  of  the  New  York  Central  Railroad  in  New 
York  City."  Scientific  American  Supplement,  v.  43,  p.  17624  (Feb. 
20,  1897).  (Elevation  of  tracks  from  io6th  Street  across  the  Harlem 
River  and  for  several  blocks  in  Mott  Haven.) 

"Erection  of  the  Park  Avenue  Viaduct,  New  York."  Engineering 
Record,  v.  35,  p.  269,  358,  401  (Feb.  27;  March  27;  April  10,  1897). 
(Technical   details  of  the  methods  of  construction;    illustrated.) 

"Certain  'Connecting'  Railroads  in  New  York  City."  Railroad  Ga- 
zette, v.  32,  p.   303    (May  II,   1900). 

"The  Long  Island  Railroad  Entrance  to  Manhattan."  Railroad 
Gazette,  v.  33,  p.  835   (Dec.  6,   1901). 

"The  Pennsylvania  Railroad  Terminal  in  New  York."  Engineering 
Record,  v.  44,  p.  562  (Dec.  14,  1901).  (A  brief  description  of  the 
proposed    underground    railroad    across    New    York    City.) 

"The  Pennsylvania  Railroad  in  New  York."  Railroad  Gazette,  v. 
34,  p.  725  (Sept.  19,  1902).  (A  very  short  article,  giving  project  for 
carrying   the   railroad   tracks   across    New    York   City.) 

"The  New  York  Central's  Terminal  Proposition."  Railway  Age, 
v.  34,  p.  674  (Dec.  19,  1902).  (An  outline  of  the  suggested  improve- 
ments, and  a  plan  for  the  removal  of  a  number  of  grade  crossings.) 

"The  Terminal  Improvements  of  the  New  York  Central  &  Hudson 
River  Railroad  Company  in  the  City  of  New  York  and  Vicinity."  New 
York,    1904.     New    York    Central    Railroad    Company. 
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"Terminal  Improvements  of  the  New  York  Central  &  Hudson 
River  in  New  York;"  G.  R.  Wadsworth.  Railroad  Gazette,  v.  39, 
p.  366    (Oct.  20,   1905).     (A  brief  outline  of  the  proposed   changes.) 

"The  Marble  Hill  Cut-off  and  Port  Morris  Branch,  New  York 
Central  Terminal  Improvements."  Engineering  Record,  v.  52,  p.  512 
(Nov.  4,  1905).  (The  tracks  were  depressed  in  tunnels  on  the  Port 
Morris  Branch  and  at  the  Marble  Hill  Cut-off,  thereby  eliminating 
grade  crossings.) 

"Improvements  of  the  New  York  Central  &  Hudson  River  within 
the  Electric  Zone."  Railroad  Gazette,  v.  39,  p.  435  (Nov.  10,  1905). 
(On  the  depression  of  tracks  at  Marble  Hill  Cut-off  and  on  the  Port 
Morris   branch.) 

"Rapid  Transit  in  New  York  City  and  in  other  Great  Cities,"  pp. 
36,  226.  New  York,  1905.  New  York  Chamber  of  Commerce.  (A 
short  description  of  the  route  of  the  P.  R.  R.  under  New  York  City  and 
of  the  extension  of  railroads  under  the  city  of  Glasgow,  Scotland.) 

"Terminal  Yard  Improvements  of  the  New  York  Central  &  Hudson 
River  R.  R."  Engineering  Record,  v.  52,  p.  562  (Nov.  18,  1905).  (The 
improvement  includes  the  depression  of  tracks  and  the  extension  of  the 
old  tunnel.) 

"New  York  Central  Roadbed  Improvements  in  the  Vicinity  of 
New  York."  Railway  Review,  v.  45,  p.  891  (Dec.  16,  1905)-  (Projects 
including  the  depression  and  elevation  of  tracks  in  the  New  York 
Central  lines  north  of  Mott  Haven.) 

"Progress  of  the  New  York  Central  &  Hudson  River  R.  R.  Ter- 
minal Improvements  in  New  York  City."  Engineering  Record,  v.  54, 
p.  272   (Sept.  8,  1906.) 

"The  Pennsylvania  Tunnels  Across  Manhattan  Island."  Railroad 
Gazette,  v.  41,  p.  380  (Nov.  2,  1906).  (Details  of  construction;  illus- 
trated.) 

"Progress  on  the  Manhattan  Work  of  the  Pennsylvania,  New  York 
&  Long  Island  R.  R."  Engineering  Record,  v.  54,  p.  512  (Nov.  10, 
1906). 

"New  York  Connecting  Railroad."  Railroad  Gazette,  v.  41,  p.  570 
(Dec.  28,  1906).  The  Pennsylvania  Railroad  improvements  include  the 
elimination   of   grade   crossings.) 

"Bronx  Improvement  of  the  New  York  Central."  Railway  Age, 
V.  43,  P-  392  (March  22,  1907).  (The  Bronx  improvement  involves  a 
complete  rearrangement  of  the  tracks  and  the  building  of  a  new  station 
at  Mott  Haven,  which  is  the  junction  point  of  the  main  line,  or  Hudson 
division   and    the    Harlem   division.) 

"Pennsylvania  Railroad  Tunnel  Extension  into  New  York  City," 
by  A.  J.  County.  Railroad  Gazette,  v.  42,  p.  512  (April.  12,  1907).  (A 
general  review  of  the  proposed  improvements.) 

"Progress  of  the  Pennsylvania  Tunnels  under  Manhattan  Island." 
Railroad  Gazette,  v.  43,  p.  44   (July   12,  1907). 
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"The  Pennsylvania  New  Terminal,  New  York."  The  Engineer, 
V.  104,  p.  59,  81  (July  19,  26,  1907).  (A  general  review  of  the  plans 
for   terminal   and    tunnel    under    Manhattan.) 

"Elimination  of  Grade  Crossings  in  New  York  Central  Electric 
Zone."  Engineering  Record,  v.  56,. p.  270  (Sept.  7,  1907).  (The  eleva- 
tion of  track  at  the  High  Bridge  and  Mount  Morris  stations,  New  York 
City.) 

"Six-Tracking  and  Reconstruction  of  the  Harlem  River  Branch 
of  the  New  York,  New  Haven  &  Hartford  R.  R."  Engineering  Record, 
V-  56,  p.  506  (Nov.  9,  1907).  (Coincident  v/ith  other  improvements,  is 
the  change  of  grade  in  order  to  eliminate  railroad  crossings  at  street 
level.) 

NEWARK^     N.     J. 

"Plan  for  Removing  Grade  Crossings  in  Newark,  N.  J."  Railroad 
Gazette,  v.  28,  p.  374  (May  29,  1896).  (Plan  and  profile  of  the  proposed 
new  grades  of  the  Jersey  Central  and  Pennsylvania  railroads.) 

"Track  Elevation  in  Newark,  New  Jersey,"  by  Clarence  H.  Bailey. 
Railroad  Gazette,  v.  4,  p.  297  (April  25,  1902).  (Abolition  of  grade 
crossings  on  the  tracks  of  the  Delaware,  Lackawanna  &  Western  R.  R., 
Pennsylvania  R.   R.  and  the  Central  Railroad   of  New  Jersey.) 

"Delaware,  Lackawanna  &  Western  Track  Elevation  in  Newark  and 
Harrison,  N.  J."  Railroad  Gazette,  v.  35,  p.  839  (Nov.  27,  1903).  (De- 
tails of  the  work  for  the  elimination  of  grade  crossings,  which  will 
cost  about  $3,000,000.) 

"The  Newark  Improvements  of  the  Lackawanna  Railroad."  Engi- 
neering Record,  v.  48,  p.  806  (Dec.  26,  1903).  (Details  of  track  elevation 
for  the  abolition  of  grade  crossings.) 

"Track  Elevation  of  the  Pennsylvania  in  Newark,  N.  J."  '  Railroad 
Gazette,  v.  36,  p.  338  (May  6,  1904).  (Describes  the  elevation  of  about 
three  miles  of  track  without  interrupting  the  traffic;  twenty- four  grade 
crossings  were  eliminated.) 

"Delaware,  Lackawanna  &  Western  Railroad  Improvements  at  New- 
ark and  Harrison,  N.  J.,"  by  William  H.  Spiers.  Railway  Age,  v.  36, 
p.  762  (Dec.  4,  1904).  (Gives  the  general  plan  and  profile  of  improve- 
ments, including  the  elevation  of  track  for  the  elimination  of  grade 
crossings.) 

NEWTON,    MASS. 

"Depression  of  the  Tracks  of  the  Boston  &  Albany  R.  R.  at 
Newton,  Mass."  Engineering  News,  v.  37,  p.  164  (March  18,  1897). 
(Describes  the  method  adopted.) 

"Final  Report  of  the  City  Engineer  Relative  to  the  Separation  of 
all  Grade  Crossings  of  Steam  Railroads  on  the  South  Side  of  the 
City."  In  "Annual  Report,  i8th,  1898,  of  the  City  Engineer,  Newton, 
Mass.,"  p.  67.  (The  plan  proposed  was  Jio  depress  the  tracks  of 
Boston   &   Albany   R.    R.    from    east    of   Langley    Road    and   to   west    of 
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Boyleston  Street,  and  to  raise  the  streets  sufficiently  to  cross  the  tracks.) 
"Abolition  of  the  Grade  Crossings  on  the  Main  Line  of  the  Boston 
&  Albany  Railroad  in  Newton,  Mass,"  by  Irving  T.  Farnham,  William 
Parker  and  W.  G.  S.  Chamberlain.  Journal  Association  of  Engineering 
Societies,  v.  21,  p.  2)7  (Aug.,  1898).  (History  of  the  improvement,  and 
an  account  of  the  street  and  drainage  work  connected  therewith ;  depres- 
sion of  the  railroad  tracks;  bridges  over  the  railroad  tracks.) 

"Grade  Crossing  Abolition  at  Newton  Highlands  and  Newton  Cen- 
tre, Mass.,"  by  Walter  C.  Whitney.  Engineering  Record,  v.  56,  p.  586 
(Nov.  30,  1907).  (Details  of  the  depression  of  track  completion  of  the 
work  of  the  Boston  &  Albany  Railroad  Company  on  that  part  of  its 
line  known  as  the  Newton  Highlands   branch.) 

NOTTINGHAM,     ENGLAND. 

"Great  Central  Railway  Extension,  Northern  Division,"  by  Fred- 
erick William  Bidder.  Proceedings  Institute  Civil  Engineers,  v.  142,  p.  i 
(1899-1900,  Pt.  4.)  _  (Describes  the  construction  of  the  tracks  through 
the  cities  of  Nottingham  and  Leicester.) 

PHILDELPHIA^    PA. 

"The  Philadelphia  Subway  and  Tunnel."  Scientific  American,  v. 
81,  p.  261  (Oct.  21,  1890).  (Describes  a  subway  which  abolished  sev- 
enteen dangerous  grade  crossings  of  the  Philadelphia  &  Reading  Rail- 
road.) 

"The  Philadelphia  Tunnel  of  the  Baltimore  &  Ohio  Railroad;  its 
Construction  and  Cost,"  by  W.  W.  Thayer,  Assoc.  M.  Am.  Soc.  C.  E. 
Transactions  of  the  American  Society  of  Civil  Engineers,  v.  26,  p.  529 
(May,  1892).  (The  construction  of  the  connection  of  the  Baltimore  & 
Ohio  system  with  that  of  the  Philadelphia  &  Reading,  under  the  city 
of  Philadelphia.) 

"The  Philadelphia  &  Reading  Railroad  Subway  and  Tunnel  in 
Philadelphia,"  by  Atlee.  Railroad  Gazette,  v.  28,  p.  266  (April  17,  1896). 
(The  abolition  of  grade  crossings  will  require  the  construction  of  1,060 
linear  feet  of  elevated  structure,  6,028  linear  feet  of  open  subway  and 
2,912  of  tunnel.) 

"Philadelphia  &"^Reading  Tunnel  and  Subway  in  Philadelphia." 
Railway  Review,  v.  36,  p.  284  (May  23,  1896).  (A  short  description, 
showing  sections  of  subway  and  tunnel.) 

"The  Pennsylvania  Avenue  Subway  and  Tunnel  in  Philadelphia, 
Pa."     Engineering  News,  v.  35,  p.  260   (April   16,   1896). 

"Pennsylvania  Avenue  Subway  and  Tunnel,"  by  George  S.  Webster. 
Proceedings  of  the  Engineers'  Club  of  Philadelphia,  v.  16,  p.  i  (Jan.. 
1899).  (A  detailed  description  of  the  depression  of  the  tracks  of  the 
Philadelphia  &  Reading .  Railway  Company  in   Philadelphia.) 

"History   of    the    Pennsylvania    Avenue    Subway,    Philadelphia,    and 
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Sewer  Construction  Connected  Therewith,"  by  George  S.  Webster  and 
S.  T.  Wagner.  Transactions  American  Society  of  Civil  Engineers,  v.  44, 
p.  I  (Paper  878.  Dec,  1900).  Some  features  of  the  work  of  abolishing 
grade  crossings  in  Philadelphia.) 

"The  Pennsylvania  Avenue  Subway  and  Tunnel,  Philadelphia,  Pa.," 
by  George  S.  Webster  and  S.  T.  Wagner.  Transactions  American  Society 
of  Civil  Engineers,  v.  48,  p.  470  (Paper  930.  Aug.,  1902).  (A  general 
description  of  the  work  and  details.) 

PITTSBURG,    P.A. 

"Elevated  Track  of  the  Pittsburg  Junction  Railroad."  Railroad 
Gazette,  v.  17,  p.  165  (March  13,  1885).  (A  short  description  and 
illustrations  of  the  structure  which  carries  the  line  from  the  Liberty 
Street  crossing.) 

"Allegheny  River  Bridge  and  Track  Elevation  in  Pittsburg."  Rail- 
road Gazette,  v.  34,  p.  374  (May  23,  1902).  (The  bridge  was  made 
necessary  by  the  elevation  of  the  tracks  in   Pittsburg.) 

"The  New  Union  Station,  P.  R.  R.,  Pittsburg,  Pa.,  the  Location, 
Preparation  of  Site,  Approaches,  Elevated  Tracks  and  Train  Sheds," 
by  G.  C.  Clark.  Proceedings  Engineers'  Society  of  Western  Pennsyl- 
vania, V.  18,  p.  258  (June,  1902).  (Tracks  were  raised  without  interfer- 
ing with  traffic). 

~~        PROVIDENCE,    R.    I. 

"Improved  Railroad  Terminal  Facilities  in  Providence,  R.  L,"  by 
Samuel  L.  Minot.  Journal  Association  of  Engineering  Societies,  v.  9,  p. 
517  (Nov.,  1890).     (Details  of  the  plan  for  the  elevation  of  tracks.) 

"The  New  Railway  Terminals  at  Providence,  R.  L"  Engineering 
News,  V.  Z7>  P-  59  (Jan.  28,  1897).  (The  tracks  are  elevated,  all  grade 
crossings  being  abolished.) 

"New  York,  New  Haven  &  Hartford  Improvement  at  Providence." 
Railway  Age,  v.  43,  p.  701  (May  3,  1907).  (A  project  for  a  tunnel 
under  the  streets  of  Providence.) 

RICHMOND,     VA. 

"The  Proposed  Chesapeake  &  Ohio  Improvements  at  Richmond." 
Railroad  Gazette,  v.  28,  p.  698  (Oct.  9,  1896).  (A  project  for  the 
elevation  of  tracks   in   the   city  of   Richmond.) 

"Chesapeake  &  Ohio  Improvements ;  a  Description  of  the  New 
Connections,  Yards  and  Terminals  at  Richmond,  Va.,"  by  A.  E.  Coulter. 
Railway  Age,  v.  22,  p.  444   (Dec.  4,  1896). 

"The  Chesapeake  &  Ohio's  Work  at  Richmond."  Railway  Age,  v. 
29,  p.  438   (April  27,   1900). 

"The  Terminal  Improvements  of  the  Chesapeake  &  Ohio  Railway  at 
Richmond,    Va."    Engineering    News,    v.    44,    p.    379     (Nov.    29,    1900) 
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(Description  of  the  construction  of  a  steel  viaduct  in  the  city  of 
Richmond.) 

"The  Reinforced  Concrete  Viaduct  of  the  Richmond  &  Chesapeake 
Bay  Railway  at  Richmond."  Engineering  Record,  v.  55,  p.  226  (March 
2,  1907). 

"Test  of  the  Reinforced  Concrete  Viaduct  of  the  Richmond  & 
Chesapeake  Bay  Railway."  Engineering  Record,  v.  56,  p.  328  (Sept. 
21,  1907).  (Tests  of  viaducts  over  Shedd  Street,  Clay  Street  and  Mar- 
shall Street,  in  Richmond,  Va.) 

"Reinforced  Concrete  Viaduct,  Richmond  &  Chesapeake  Bay  Rail- 
way."    Railway   Age,  v.  44,  p.  428    (Sept.  27,   1907.) 

ST.    LOUIS,    >io. 

"Report  of  the  Engineer  Board  to  C^itizens'  Committee  on  Lowering 
Tracks  of  Missouri  Pacific  Railroad  and  Connecting  all  Commercial 
Outlets  of  St.  Louis,  June  i,  1874,;'  by  Henry  Flad  and  others.  St. 
Louis,    1874.     Times    Printing   House.     (Estimation  of  cost,    etc.) 

"Grade-Crossing  Problems  in  St.  Louis,"  by  Carl  Gayler.  Journal 
Association  of  Engineering  Societies,  v.  35,  p.  34  (July,  1905). 

SEATTLE,     WASH. 

"The  Great  Northern  Terminal  Improvements  at  Seattle."  Railroad 
Gazette,  v.  yj,  P-  5 10  (Nov.  4,  1904).  (Project  to  build  a  tunnel  under 
the  high  ground  of  the  business  district  as  the  only  way  to  approach 
the  terminal  from  the  north  other  than  o\tx  the  present  line  along 
the  water  front.) 

SOUTH    NORWALK,    CONN. 

"Track  Elevation  at  South  Norwalk."  Railroad  Gazette,  v.  28,  p. 
613  (Sept.  4,  1896).  (This  portion  of  the  general  plan  for  the  elimina- 
tion of  grade  crossings  consisted  of  raising  the  grade  about  15  ft. 
through  the  city  of  South  Norwalk  and  across  the  Norwalk  River,  a 
distance   of  about  three-fifths   of  a  mile;    illustrated.) 

SYRACUSE,    N.     Y. 

"Proposed  Abolition  of  Grade  Crossing  at  Syraciuse."  Railroad 
Gazette,  v.  31,  p.  276  (April  21,  1899).  (Plans  for  an  elevated  road  to 
carry  the  tracks  through  the  city  of  Syracuse.) 

WASHINGTON,    D.    C. 

"The  Washington  Terminal  Improvements  of  the  Baltimore  &  Ohio 
and  the  Pennsylvania  Railways,"  by  W.  F.  Strouse.  Engineering  News, 
V.  52,  p.  415  (Nov.  ID,  1904).  (A  plan  for  the  elimination  of  grade 
crossings  by  the  elevation  of  tracks,  etc.) 
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"New  Yards  and  Terminal  Approaches  at  Washington,  D.  C." 
Railroad  Gazette,  v.  Z7,  P-  538  (Nov.  ii,  i<)04).  (The  approach  tracks 
to  the  station  are  carried  on  a  solid  fill  supported  with  masonry  retain- 
ing walls ;  some  of  the  streets  are  taken  over  the  track,  and  others 
are  depressed   and  carried   under  the   track.) 

WINNIPEG,    MANITOBA. 

"An  Eight-Track  Reinforced  Concrete  Viaduct  in  Winnipeg,  Mani- 
toba." Engineering  Record,  v.  54,  p.  293  (Sept.  15,  1906).  (The  tracks  of 
the  Canadian  Pacific  Railroad  cross  Main  Street,  Winnipeg,  Manitoba, 
overhead,  at  an  angle  of  86  deg.  4  min.,  on  a  reinforced  concrete  struc- 
ture.) 

WORCESTER,    M.\SS. 

"Report  on  the  Abolition  of  Grade  Crossings  in  the  City  of  Worces- 
ter," by  Charles  A.  Allen  and  others.  Worcester,  Mass.,  1892.  F.  S. 
Blanchard  &  Co.,  154  Front  Street.  (Details  of  the  several  methods  for 
elevating  and  depressing  the  tracks;  accompanied  by  maps  and  illustra- 
tions.) 

YONKERS,    N.    Y. 

"Yonkers  Improvement  of  the  New  York  Central."  Railway  Age, 
V.  43,  p.  409  (March  22,  1907).  (A  scheme  for  the  elimination  of  grade 
crossings.) 


DISCUSSION. 

The  President : — The  first  report  to  be  considered  to-day  is  that  of 
the  Committee  on  Roadway.  In  the  absence  of  the  chairman  of  the 
Committee,  Mr.  H.  J.  Slifer,  the  vice-chairman,  Mr.  Geo.  H.  Bremner, 
will  present  the  report. 

Mr.  Geo.  H.  Bremner  (Chicago,  Burlington  &  Quincy)  : — The  Com- 
mittee this  year  has  worked  under  a  disadvantage,  on  account  of  our 
chairman  having  left  the  country  ^d  not  returned.  We  expected  him 
to  be  back  in  time  to  attend  this  meeting  and  take  charge  of  the  Com- 
mittee's report,  but  he  has  not  appeared.  He  also  has  part  of  the  work 
with  him  which  he  was  to  present  personally,  but  we  will  have  to 
postpone  the  publication  of  that  until  later. 

The  President: — Unless  there  is  some  objection,  the  Secretary  will 
read  the  conclusions  in  their  order. 

The  Secretary: — (i)  Organization. — There  should  be  a  Superintend- 
ent of  Construction  in  complete  charge  of  the  work.  To  him  should- 
report  the  following  officers  in  charge  of  the  various  branches  of  the  work: 
The  Engineers,  having  charge  of  the  contract  work,  and  giving  lines  and 
grades ;  the  Roadmaster,  in  charge  of  earthwork  and  track  work ;  Engineer, 
in  charge  of  masonry  and  bridges ;  the  Yardmaster,  in  charge  of  engines 
and  switching;  the  Trainmaster  with  a  Despatcher,  in  charge  of  the 
(Operation  of  traffic  over  the  territory  covered  by  the  work  in  hand. 
If  the  proportions  of  the  work  allow,  every  person  connected  with  this 
organization  should  be  relieved  from  all  other  duties  relating  to  the 
operation  of  the  roac}- 

Mr.  Robert  Trimble  (Pennsylvania  Lines)  : — I  would  suggest  that 
it  would  be  a  very  important  piece  of  work  that  would  require  a  special 
trainmaster  and  special  train  dispatcher,  and  I  doubt  very  much  whether 
any  operating  department  would  like  to  give  a  trainmaster  and  train 
despatcher  such  authority  as  the  organization  here  contemplated  suggests. 
It  seems  to  me  that  matters  of  this  kind  have  to  be  handled  by  the  regu- 
lar staff  of  the  operating  department.  It  also  seems  to  me  that  is  un- 
necessary here,  for  the  reason  that  the  parties  in  charge  of  construction 
can  co-operate  with  the  operating  department  and  make  such  arrange- 
ments as  are  necessary. 

Mr.  Bremner: — The  Committee  considered  both  the  method  of  hand- 
ling the  work  by  a  separate  organization  and  also  by  an  organization  in 
connection  with  the  present  operating  organization,  and  from  its  study 
of  the  various  organizations  reported  by  the  different  railroads  and 
from  their  own  discussions  and  conclusions  in  the  matter,  the  Committee 
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thought  that  it  would  be  better  to  handle  the  work,  you  might  almost 
say,  as  a  separate  division  of  the  railroad  on  which  the  work  is  being 
done.  Of  course,  this  contemplates  work  of  great  magnitude  and  not 
a  small  piece  of  work.  It  would  be  expected  that  the  officers,  such  as 
trainmaster,  yardmastcr,  dispatcher,  roadmaster  or  supervisor,  should  be 
taken  from  the  regular  organization,  so  that  they  would  be  familiar  with 
the  operation  of  the  road. 

Mr.  Trimble : — It  would  be  impossible  to  do  that  on  the  road  with 
which  I  am  connected.  I  had  charge  of  some  of  the  Chicago  track 
elevation  work,  where  the  filling  material  was  hauled  from  Tolleston, 
about  20  miles  away  from  where  it  was  deposited  in  the  track  elevation 
work.  I  am  quite  sure  that  our  operating  department  would  not  want 
separate  trainmasters  and  dispatchers  to  take  charge  of  the  trains 
running  between  Tolleston  and  Chicago.  In  fact,  only  one  train  dis- 
patcher and  one  trainmaster  can  have  charge  of  a  section  of  road  at  a 
time  and  run  it  properly. 

Mr.  Bremner : — It  is  not  the  Committee's  idea  that  they  should  take 
charge  of  a  long  section  of  road,  where  other  trains  were  running  in 
that  way — merely  the  portion  of  the  road  where  the  track  elevation  work 
was  in  process  of  construction — not  outside  of  the  limits  where  the  actual 
work  was  done ;  there  was  nothing  of  that  kind  in  the  minds  of  the 
Committee. 

The  President : — Will  you  please  state,  for  our  information,  how 
many  cases  of  which  you  were  advised,  where  that  organization  was  in 
effect,  and  what  was  the  particular  class  of  work  that  was  handled  in 
that  way? 

Mr.  Bremner: — The  Chicago  &  Western  Indiana  seem  to  have  handled 
their  force  in  that  way.  The  Chicago,  Burlington  &^  Quincy  did  not 
handle  their  force  that  way— the  work  was  handled  by  the  division  officers 
jointly  with  the  engineer  in  charge  of  the  work,  although  a  portion  of 
the  time  it  was  handled  in  that  way.  The  Rock  Island  does  not  state, 
and  in  the  case  of  the  Chicago  Terminal  Transfer  Railroad,  everything 
was  in  charge  of  the  Chief  Engineer.  The  Lackawanna,  Illinois  Central 
and  some  of  the  other  roads  did  not  report  just  how  that  part  of  the 
work  was  handled.  Probably  in  all  those  cases  it  was  handled  by  the 
division  proper.  The  Pennsylvania  Lines  report  that  the  work  was  in 
complete  charge  of  their  engineer,  from  which  we  might  deduce  that  he 
would  have  charge  of  everything  over  the  section. 

Mr.  Trimble : — That  meant  the  carrying  out  of  all  physical  work 
and  the  arranging  of  all  details,  etc.  It  does  not  mean  that  we  are  in 
charge  of  the  operation  of  the  trains  between  Tolleston  and  Chicago. 

Mr.  Bremner : — The  Committee  would  not  recommend  that  outside 
of  the  work. 

Mr.  Trimble : — That  is  the  inference  to  be  drawn  from  that  con- 
clusion. 

Mr.  M.  L.   Byers    (Missouri  Pacific)  : — I  ask  whether  it  is  intended 
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that  the  trainmaster  and  despatchcr  should  not  be  under  the  regular 
transportation  department  in  order  that  they  should  have  no  control 
over  him,  but  that  the  engineering  department  should  have  absolute 
control  over  him?  That  is  what  is  accomplished,  as  I  understand  it,  by 
the  Committee's  recommendation.  It  seems  to  me  that  the  same  results 
are  secured,  and  all  interests  better  protected,  by  having  a  transportation 
officer  on  the  ground  who  has  absolute  authority  over  the  trainmen,  and 
who  yet  is  under  the  control  of  the  general  transportation  organization 
of  the  railroad,  although  he  also  reports  to  and  is  under  the  direction, 
to  a  certain  extent,  of  the  engineering  department  on  the  ground. 

Mr.  Bremner : — I  think  you  have  the  idea  that  the  Committee  wishes 
to  bring  out. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  : — I  would 
ask  the  Committee  in  regard  to  the  trainmaster.  This  does  not  mean  an 
extra  trainmaster,  does  it?  I  take  it  that  by  the  extra  trainmaster  is 
intended  the  dispatcher  or  operator  on  the  ground.  Am  I  right  about 
that? 

Mr.  Bremner : — He  may  be  an  extra  man,  but  he  would  be  taken 
from  the  regular  force,  someone  detailed  from  the  regular  operating 
department  to  assist  in  the  particular  work. 

Mr.  Camp : — It  is  frequently  the  case  that  an  operator  is  stationed 
out  on  the  track  elevation  work,  having  connection  with  the  telegraph 
line,  to  keep  in  touch  with  the  trainmaster  and  dispatcher.  How  would 
it  do  to  change  the  wording  so  that  it  would  read:  "The  trainmaster, 
with  a  dispatcher,  in  charge  of  the  operation  of  traffic  over  the  territory 
covered  by  the  work  in  hand,  may  sometimes  he  required."  Would  that 
change  be  objectionable   to  the   Committee? 

Mr.  Bremner:— Not  at  all;  that  is  the  Committee's  idea. 

Mr.   Camp : — That  would  not  make  the  language  so  mandatory. 

Mr.  Bremner: — The  Committee  would  not  say  that  this  kind  of  an 
organization  would  be  necessary  for  small  jobs.  It  is  not  always  neces- 
sary that  we  should  have  a  complete  organization  like  this  for  track 
elevation.  The  work  which  we  had  in  mind  were  large  undertakings, 
contemplating  the   raising  of  many  miles  of  track  in   the   larger   cities. 

The  President:— The  Chair  asks  the  Committee  if  it  desires  to 
amend  the  conclusion  to  that  extent? 

Mr.    Bremner: — The   Committee    accepts    the   amendment. 

Mr.  Byers:— In  my  opinion  there  should  be  a  change  made  in  the 
conclusion  in  such  a  way  as  to  make  it  perfectly  evident  that  the  trans- 
portation department  is  not  relieved  from  responsibility  in  this  district. 
Therefore  I  move  that  this  be  changed  to  read  "assistant  trainmaster" 
instead  of  trainmaster,  so  as  to  emphasize  the  fact  that  it  is  desired  that 
the  regular  transportation  officers  on  the  road  do  have  charge  of  this 
district,  and  that  at  the  same  time  it  is  desirable  to  have  a  man  on  the 
ground  who  is  absolutely  in  command  of  the  situation. 

Mr.  Bremner : — The  Committee  considered  the  question  of  titles  and 
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names  all  through,  and  came  to  the  conclusion  it  was  not  at  all  neces- 
sary to  make  a  distinction  as  to  what  to  call  the  various  officers — call 
him  operator,  or  dispatcher,  or  trainmaster,  or  yardmaster,  or  assistant 
trainmaster,  so  long  as  he  performs  these  duties  and  that  he  would  be 
under  the  regular  organization.  Would  you  consider  it  essential  that 
we  should  change  the   title,   in   view   of  Mr.    Camp's   motion  ? 

Mr.  Byers : — The  ordinary  organization  of  the  transportation  de- 
partment, as  I  understand  it,  puts  the  trainmaster  practically  in  charge 
of  transportation  in  his  district.  He  is  the  head  of  the  department. 
The  assistant  trainmaster  would  not  be  a  man  of  that  character,  and 
consequently  it  would  indicate  that  we  did  not  expect  to  place  a  man 
there  who  has  absolute  authority,  which  authority  was  not  derived  from 
the  transportation  officer  in  charge  of  that  district,  but  that  we  do 
expect  to  place  a  man  there  with  sufficient  authority  to  govern  the 
operation  of  the  trains  and  still  be  under  the  trainmaster  who  is  in 
charge  of  the  entire  district.  For  that  reason  I  would  prefer  to  see  the 
assistant  rather  than  the  head  of  the  department  assigned  to  local  duty. 
I  make  that  as  a  motion. 

(Motion  not  seconded.) 

The  President : — The  question  is  on  the  adoption  of  conclusion  I,  as 
amended  by  the  Committee. 

(The  conclusion  was  adopted.) 

The  Secretary: — (2)  The  railroad  company  should  handle  with  their 
own  force  all  work  which  may  interfere  wiih  the  operation  of  the  road, 
such  as  track  raising  or  lowering,  filling  and  excavating,  handling  and  lay- 
ing tracks,  moving  switches  and  putting  in  bridges  under  traffic.  All  other 
work  which  can  be  done  without  any  interference  with  the  operation  of 
the  railroad  should  be  let  by  contract,  both  for  economical  and  political 
reasons ;  this  consisting  of  street  work  and  concrete  work  where  prac- 
ticable. 

Mr.  William  McNab  (Grand  Trunk)  :— I  would  like  to  ask  the 
Committee  wherein  consists  the  distinction  between  "economical  and 
political  reasons?"  Further,  if  they  consider  that  among  the  work  that 
could  be  most  economically  handled  by  the  contractor  would  be  the 
excavation  of  the  material  in  pits  and  the  placing  of  it  on  cars. 

Mr.  Bremner: — The  Committee  inserted  the  word  "political"  in  the 
conclusion  based  on  their  own  experience,  and  they  decided  it  was  a 
very  necessary  term  to  leave  in.  We  considered  cutting  it  out,  but  de- 
cided that  it  was  necessary  to  bring  out  the  full  meaning  they  intended 
to  convey.  The  difference  between  the  work  to  be  handled  by  contract 
and  that  which  should  be  handled  by  railroad  companies  themselves  is 
governed  by  the  fact  as  to  whether  the  work  interferes  with  traffic  or 
not.  This  seems  to  be  the  way  in  which  nearly  every  company  report- 
ing have  decided  the  matter. 

Mr.  McNab: — I  do  not  think  there  should  be  any  ambiguity  about 
the  matter;  and  I  hope  the  Committee  will  share  with  us  their  experience 
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in  regard  to  the  term  "political,"  otherwise  I  would  move  that  it  be 
stricken  out. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — 
1  submit  that  a  Canadian  is  not  in  a  position  to  judge  of  this  question 
in  the  United  States. 

Mr.  McNab : — There  will  be  a  willingness  to  learn,  as  long  as  good 
is  going  to  be  obtained  from  it.  I  would  like  to  be  enlightened  some- 
what. 

Mr.  Bremner: — I  do  not  know  that  any  of  the  members  of  the  Com- 
mittee would  be  willing  to  get  up  and  confess  all  their  experiences  in 
this  line.  They  were  not  willing  to  do  it  in- the  meeting  of  the  Com- 
mittee, and  I  doubt  whether  they  would  do  it  in  the  meeting  of  the 
Association.     I  move  that  conclusion  2  be  adopted. 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  : — 
It  seems  to  me  that  the  second  sentence  in  that  paragraph  is  rather 
sweeping.  I  do  not  believe  that  this  Association  wants  to  go  on  record 
in  just  that  way,  and  I  will  amend  the  motion  by  striking  out  the  entire 
second  sentence  in  conclusion  2,  beginning  with  the  words  "all  other 
work." 

Mr.  Bremner: — I  think  if  Mr.  Kittredge  will  read  the  first  part, 
putting  in  bridges  under  traffic  is  included  in  the  work  to  be  done  by 
the  railroad  company. 

Mr.  Kittredge : — It  struck  me  that  meant  the  superstructure,  although 
it  does  not  say  so. 

Mr.  Bremner : — It  leaves  the  other  part  open. 

Mr.  McNab: — In  support  of  Mr.  Kittredge's  motion  I  would  call 
attention  to  the  fact  that  on  page  35  of  this  report,  in  the  quotation  from 
the  Long  Island  Railroad,  a  statement  is  made  that  the  work  could 
possibly  have  been  handled  to  better  advantage  if  the  contract  had  been 
made  only  for  the  masonry  work  and  the  excavating  of  the  material 
and  placing  it  on  cars,  the  railroad  company  furnishing  the  cars,  hauling 
the  material  and  unloading  and  spreading  it.  It  says :  "From  the 
records  kept  an  analysis  of  the  work  seems  to  indicate  that  the  excava- 
tion and  embankment  would  have  cost  from  20  to  25  per  cent,  less  if 
handled  in  the  above  manner."  That  is  the  reason  I  asked  if  the  Com- 
mittee had  taken  cognizance  of  that  in   framing  conclusion   No.  2. 

Mr.  Bremner : — This  was  an  additional  report  that  came  in  after 
the  Committee  met.  The  Committee  did  not  consider  this  report  from 
the   Pennsylvania  Railroad. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  : — The  object  of  the 
second  clause*  seems  to  be  to  make  some  distinction  between  the  work 
which  should  be  carried  on  by  the  railroad  and  the  work  which  should 
be  carried  on  by  the  contractors,  and  I  think  the  work  under  each  of 
these  headings  in  this  clause  should  be  left  out,  leaving  only  the  head- 
ings of  the  different  classes  of  work.  I  think,  therefore,  that  the  clause 
should   say,  "the   railroad   company  should   handle   with   their   own   force 
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all  work  which  may  materially  interfere  with  the  operation  of  the  rail- 
road." I  think  that  would  be  better;  then  leave  out  the  rest  of  the 
sentence.  Then  say,  "all  other  work  which  caii  be  done  without  material 
interference  with  the  operation  of  the  railroad  should  be  let  by  con- 
tract;" leaving  out  the  remainder  of  the  second  sentence.  I  make  a 
motion  to  that  effect. 

Mr.  Kittredge: — I  accept  Mr.  Atwood's  amendment  if  he  will  sub- 
stitute "may  be  let  by  contract"  instead  of  "should  be  let  by  contract." 

Mr.  Atwood : — That  would  be  all  right. 

The  President: — The  Chair  will  ask  the  mover  to  submit  that  in 
writing  to  the  Secretary.  We  would  like  to  hear  from  Mr.  Layfield, 
Chief   Engineer   of   the   Chicago   Terminal   Transfer   Railroad. 

Mr.  E.  N.  Layfield  (Chicago  Terminal  Transfer)  : — The  Chicago 
Terminal  Transfer  Railroad  has  done  a  considerable  quantity  of  track 
elevation  the  past  season  and  part  of  the  preceding  season  under  my 
direction,  and  for  various  reasons  we  have  done  all  the  work  ourselves, 
instead  of  letting  any  of  it  by  contract.  I  do  not,  however,  wish  it  to 
be  understood  that  it  is  my  unqualified  opinion  that  all  such  work  should 
be  done  by  the  railroad  company.  In  our  case  there  were  special 
reasons  which  do  not  ordinarily  exist  which  led  us  to  adopt  that  method. 
Our  company,  unfortunately,  had  been  in  financial  trouble  for  a  number 
of  years,  and  when  the  funds  were  provided  through  a  receivership 
there  was  an  informal  understanding  with  the  city  officials  that  we 
would  prosecute  this  track  elevation  work  as  rapidly  as  operating  con- 
ditions would  permit,  and  under  that  situation  there  was  no  time  to 
prepare  plans  or  specifications  for  conducting  the  work,  or  for  formulat- 
ing the  conditions  under  which  a  contractor  could  bid  on  it.  For  that 
reason  we  have  done  all  the  work  with  our  own  forces,  except  sewer 
work  and  street-paving.  As  I  say,  however,  it  was  because  of  special 
reasons  which  existed,  which  would  not  apply  to  such  work  as  a  general 
proposition.  I  favor  the  doing  of  a  large  portion  of  such  work  by  con 
tract,  where  it  does  not  interfere  with  the  traffic. 

I  think  the  second  part  of  the  first  sentence  of  this  conclusion  is 
correct.  I  do  not  see  why  there  should  be  any  objection  to  the  further 
explanation  given  in  the  latter  part  of  the  sentence.  The  first  part  does 
really  express  all  that  there  is  in  the  sentence,  but  I  do  not  see  that 
it  weakens  it  at  all  to  say  a  little  more  fully  what  is  meant  by  it.  From 
my  experience  in  handhng  this  work  I  favor  the  first  sentence  of  this 
conclusion  as  it  is  written.  As  to  the  second  sentence,  I  agree  with 
Mr.  Kittredge  as  to  the  use  of  the  word  "may."  I  think  that  is  a 
question  which  should  be  left  to  the  judgment  of  the  engineer  who  has 
control  of  the  letting  of  the  contract  and  the  broad  general  management 
of  the  work.  I  do  not  think  that  the  convention  should  say  that  the 
other  work  that  does  not  interfere  with  the  operation  of  the  road  should 
necessarily  be  let  by  contract  or  should  necessarily  be  done  by  the  rail- 
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road  company.  It  seems  to  me  that  each  individual  case  should  be 
decided   for  itself. 

For  instance,  one  of  the  principal  reasons  for  letting  work  by  con- 
tract under  any  circums;ances,  whether  this  kind  of  work  or  any  other, 
is  that  a  railroad  company  is  not  ordinarily  justified  in  keeping  all  the 
difTerent  kinds  of  equipment  which  are  necessary  for  the  various  classes 
of  work,  and  therefore  we  let  it  by  contract — concrete  work  to  con- 
tractors who  are  equipped  for  that  kind  of  work;  bridge  erection  work 
to  other  contractors  equipped  for  that  class  of  work,  etc.  A  railroad 
cannot  keep  as  a  part  of  its  paraphernalia  all  of  this  necessary  equipment 
for  doing  the  different  kinds  of  work.  In  the  case  of  track  elevation, 
where  it  is  going  to  extend  over  a  number .  of  years,  it  becomes  a 
question,  then,  for  the  company  to  decide  whether  it  is  warranted  in 
going  to  the  expense  of  providing  the  equipment  and  organization  to 
do  this  work,  and  they  might  be  justified  in  doing  this  where  the  work 
is  going  to  extend  over  a  number  of  years,  while  they  would  not  at  .all 
be  justified  in  doing  so  if  the  work  is  going  to  extend  only  over  a  few 
months.  I  would  therefore  favor  the  use  of  the  word  "may,"  as  sug- 
gested by  Mr.  Kittredge,  so  that  this  would  be  optional  with  the  railroad, 
and  the  convention  will  be  telling  the  people  who  look  to  it  for  guidance 
that  either  way  is  good  practice,  and  that  each  case  must  h%  decided 
by  the  existing  conditions. 

I  have  had  a  good  deal  of  experience  myself  in  Chicago  in  handling 
what  might  be  called  the  political  phase  of  this  work  and  would  not 
like  to  see  the  word  "political"  in  there.  I  think  the  paragraph  should 
be  ended  with  the  words  "may  be  let  by  contract." 

Mr.  J.  E.  Willoughby  (Louisville  &  Nashville)  : — The  object  of  the 
Committee  in  placing  the  words  "track  raising  or  lowering,  filling  and 
excavating,"  and  other  words  used  in  the  first  sentence  in  conclusion  2, 
was  to  indicate  to  the  convention  what  the  Committee's  experience  and 
its  opinions  were  as  to  what  part  of  the  work  the  railroad  company 
should  do,  and  the  second  part  of  the  conclusion  is  meant  to  indicate  to 
the  convention  what  the  experience  of  the  Committee  is  as  to  who  should 
do  the  remainder  of  the  work. 

Mr.  Trimble : — I  am  opposed  to  Mr.  Atwood's  amendment  to  this 
second  section,  for  the  reason  that  it  omits  an  important  part  of  the 
paragraph.  As  I  understand  the  Committee,  they  recommend  that  the 
company  should  do  the  work  where  traffic  would  be  interfered  with,  and 
that  is  the  reason  why  the  words  "track  raising  or  lowering,  filling  and 
excavating,  handling  and  laying  tracks,  moving  switches  and  putting  in 
bridges,  etc.,"  was  put  in  the  conclusion  to  show  the  general  nature  of 
the  work  which  the  company  should  do,  and  that  all  other  work  might 
be  done  by  contract.  It  seems  to  me  it  would  destroy  the  entire  force 
of  the  paragraph  to  leave  out  the  part  of  it  referring  to  traffic. 

Mr.  Atwood: — I  think  Mr.  Trimble  is  wrong,  because  the  paragraph 
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as  amended  refers  to  interference  with  the  operation  of  the  railroad.  If 
that  is  not  traffic,  what  is? 

Mr.  Trimble: — Everything  you  do  on  a  railroad  interferes  with  its 
operation. 

Mr.  Atwood :— As  amended  the  paragraph  would  read,  "The  railroad 
company  should  handle  with  their  own  force  all  work  which  may  inter- 
fere with  the  operation  of  the  road."  In  these  conclusions  we  should 
only  place  definite  principles.  If  you  wish  to  make  explanations  of  the 
principles  that  are  contained  in  the  conclusions,  that  should  be  stated  in 
the  body  of  the  report,  but  the  conclusions  themselves  should  only  state 
concisely  the  principles.  I  think  you  will  find  that  most  of  the  dis- 
cussions of  conclusions  before  the  convention  have  been  with  relation 
to  explanatory  notes.  We  are  here  embodying  in  the  conclusions  matter 
which  had  better  be  placed  in  the  body  of  the  report. 

The  President: — The  question  is  upon  the  adoption  of  the  amend- 
ment. 

(The  amendmerit  was  carried  by  a  rising  vote.) 

The  Secretary: — (3)  As  far  as  practicable,  all  earthwork  should 
be  handled  by  machinery,  that  is,  loaded  by  steam  shovels  and  unloaded 
by  plows,  handled  by  cable  unloaders  and  moved  by  spreaders., 

Mr.  Bremner : — I  move  the  adoption  of  the  conclusion. 

Mr.  "^McDonald: — I  want  to  endorse  that.  I  think  the  most  econom- 
ical way  to  handle  the  material  is  in  cars.  It  is  not  always  economical 
to  handle  it  with  plows. 

Mr.  Kittredge: — I  would  like  to  amend  the  motion  by  striking  out 
that  part  of  paragraph  3  beginning  with  "that  is,"  second  line.  There 
are  certainly  other  ways  of  handling  material  more  economically  than 
unloading  it  by  plows.     The  Rogers   Ballast  car  is  very  convenient. 

(.Amendment  seconded.) 

The  President: — It  is  moved  that  conclusion  3,  as  offered  by  the 
Committee,  be  amended  by  striking  out  all  in  the  second  and  third  lines 
after  the  word  "machinery." 

Mr.  D.  D.  Carothers  (Baltimore  &  Ohio)  : — It  would  seem  to  me 
to  leave  it  in  that  form  would  make  merely  a  broad  assertion  without 
giving  any  clew  as  to  what  machinery  was,  without  a  definition  of 
machinery.  You  might  use  hand  machinery,  as  the  most  simple  tools 
might  be  considered  machinery;  and  while  it  does  not  seem  that  the 
conclusion  in  that  form  was  proper,  if  the  last  clause  was  used,  as  a 
footnote,  giving  a  list  of  machinery  that  might  be  used  instead  of  specify- 
ing in  any  particular,  it  seems  to  me  it  would  be  much  better. 

Mr.  Atwood :— I  would  like  to  call  attention  to  this  fact,  that  you 
cannot  make  your  list  complete.  If  they  wish  to  make  an  explanatory 
note  let  them  make.it  separate  from  the  conclusions;  say  that  some 
styles  of  machinery  that  can  be  used  are  so  and  so;  but  let  them  make 
it  as  an  explanatory  note. 

Mr.  Bremner: — The  Committee  does  not  wish  to  rule  out  any  other 
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machinery  than  the  machinery  mentioned  here.  They  merely  wish  to 
mention  the  machinery  most  generally  used.  There  may  be  other  cases 
where  other  machinery  would  be  better — there  undoubtedly  is.  We 
merely  wished  to  mention  a  few,  so  that  there  would  be  an  explanation 
of  what  we  meant  by  the  first  part  of  the  paragraph. 

The  President: — The  question  is  upon  the  adoption  of  the  conclu- 
sion, as  amended  by  Mr.  Kittredge's  motion. 

(A  vote  was  then  taken  and  the  conclusion  3,  as  amended,  was 
adopted.) 

The  Secretary: — (4)     The  best  material  to  use  for  filling  is  sand. 

Mr.   Bremner : — I   move  the   adoption  of  conclusion  4. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — In  speaking  of 
conclusion  4,  I  would  like  to  say  a  word  as  to  the  conclusions  in  general. 
It  seems  to  me,  if  these  go  into  the  Manual  in  this  form  and  sent 
broadcast  throughout  this  country  and  other  countri'es,  that  they  will  be 
incomplete.  For  instance,  conclusion  4:  "The  best  material  to  use  for 
filling  is  sand."  That  is  a  very  sweeping  statement,  one  that  would  need 
some  explanation  in  order  to  be  properly  understood ;  so  I  would  like 
to  suggest,  in  general,  that  the  conclusions,  when  they  go  into  the 
Manual,  would  be  clearer  if  they  were  surrounded  by  safeguards.  For 
instance,  the  purpose  of  the  first  conclusion  is  to  define  the  organization, 
and  yet  there  is  an  omission  of  the  statement  that  the  Chief  Engineer 
will  be  in  charge  of  the  work.  It  seems  to  me  that  is  essential,  and  that 
conclusion  will  be  much  clearer  if  it  is  outlined,  first,  that  the  Chief 
Engineer  is  in  complete  charge,  and  if  not,  will  be  represented  by  an 
officer  of  a  certain  title,  who  would  be  assisted  by  a  staff  consisting  of 
so  and  so,  with  the  duties  {hat  attach  to  those  positions.  Then,  in  the 
second  conclusion,  after  defining  the  organization,  the  Committee  in- 
tended to  distinguish  between  work  which  will  be  done  by  the  railroad 
organization  and  work  which  will  be  done  by  contract;  and  then,  in  the 
third  conclusion,  the  intention  is  to  state  that  experience  teaches  that 
earthwork  will  be  handled  most  economically  by  machinery,  and  there 
should  be  a  statement  under  that  head,  giving  a  list  of  the  most  important 
pieces  of  machinery  which  are  used.  Then,  under  the  head  of  conclusion 
4,  as  to  the  best  material  to  be  used  for  filling,  the  statement  made,  it 
seems  to  me,  is  too  mandatory;  it  is  too  broad. 

The  President: — Will  the  speaker  offer  to  amend  it? 

Mr.  Wendt : — I  was  thinking  along  this  line :  That  the  whole  pur- 
pose of  these  conclusions  is  to  define  where  economy  comes  in.  I  would 
favor,  in  general,  the  omission  of  conclusion  4  altogether. 

The  President: — A  motion  to  strike  out  is  in  order,  Mr.  Wendt. 

Mr.  Wendt: — I  did  not  rise  for  that  purpose.  The  Committee  is  an 
expert  on  this  matter.  I  am  very  much  in  favor  of  allowing  the  Com- 
mittee to  write  out  these  matters,  as  they  have  had  the  subject  under 
discussion  for  so  long,  and  I  merely  offer  these  suggestions  along  gen- 
eral lines. 
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Mr.  Camp:- — It  occurred  to  me  that  conclusion  4  is  rather  sweep- 
ing. I  would  like  to  ask  the  Committee  if  they  would  accept  it  in  this 
form :  "For  facility  of  handling  and  working,  the  best  material  for 
filling  is  sand."  I  take  it  that  if  sand  is  not  available  within  a  reason- 
able distance  some  other  material  might  be  more  economical,  but  sand 
is  certainly  the  easiest  material  to  handle  and  work  with. 

Mr.  Kittredge : — I  would  amend  the  motion  to  adopt  that  conclusion 
by  referring  it  back  to  the  Committee.  I  have  in  mind  places  like 
Yonkers,  on  the  New  York  Central,  where  track  elevation  borders  the 
Hudson  River.  Sand  would  be  absolutely  useless  at  that  place.  Instead 
of  best  it  would  be  the  worst  that  we  could  use.  We  would  have  to 
fill  up  the  Hudson  River  before  we  could  get  an  embankment. 

Mr.  Bremner: — Is  that  in  the  city? 

Mr.  Kittredge: — Yes,  right  alongside  of  ihe  banks  of  the  Hudson 
River.     I   move  to  amend  by  referring   it  back   to   the   Committee. 

(Amendment  seconded.) 

Mr.  Wendt : — I  just  think  of  a  reason,  which  is  very  strong,  in  favor 
of  the  motion  now  offered :  The  best  material  for  filling  may  not  always 
be  sand.  In  a  certain  district  we  have  slag,  which  I  would  say  is 
equally  valuable  and  desirable  with  sand  for  this  work,  because  that 
slag  is  very  fine,  runs  out  of  cars  easily  and  is  handled  at  the  lowest  cost. 

Mr.  Byers : — I  would  like  to  suggest,  if  this  matter  is  referred 
back  to  the  Committee,  that  instead  of  naming  the  material  which  they 
consider  best  they  name   qualities  which   the  best  material  should  have. 

Mr.  Bremner: — The  conclusion  of  the  Committee  means  just  what 
it  says.  In  accordance  with  the  judgment  of  the  Committee  the  best 
m.aterial  for  filling  is  sand.  Of  course,  it  does  not  mean  in  special  cases ; 
but  take  the  case  mentioned  by  Mr.  Kittredge;  it  might  become  a  very 
good  filling  if  it  were  properly  held  by  a  retaining  wall.  Take  the  con- 
dition which  Mr.  Wendfmentions.  His  slag  must  be  very  nearly  sand — 
that  is  the  reason  it  is  so  good.  There  is  less  settlement,  and  the 
conclusion  means  that  the  best  is  sand.  It  does  not  mean  that  sand 
will  be  used  in  every  case  or  that  it  is  the  cheapest  in  every  case,  or 
that  we  would  recommend  its  use  in  every  instance ;  but  where  accessible 
and  obtainable,  it  is  the  best. 

(By  a  rising  vote  the  motion  to  recommit  conclusion  4  to  the  Com- 
mittee was   lost.) 

The  President : — The  conclusion  is  still  before  the  convention.  The 
question  is  upon  the  adoption  of  conclusion  4  as  offered  by  the  Com- 
mittee. In  taking  a  rising  vote,  gentlemen,  the  chairman  would  like  to 
impress  upon  the  members  the  necessity  for  voting.  The  last  motion 
was  lost  by  one  vote. 

(By  a  rising  vote  the  motion  to  adopt  conclusion  4  was  lost.) 

The  President: — The  conclusion  is  not  adopted.  The  Committee 
will  take  action  accordingly  in  next  year's  report. 

Mr.    Layfield: — If   in    order,    I    would    like    to    have    the    convention 


DISCUSSION  ON  ROADWAY.  641 

express  its  opinion  on  the  suggestion  of  Mr.  Camp^  that  for  facility 
of  handhng  sand  is  the  best  material ;  arid  if  in  order  I  would  move  that 
there  be  substituted  the  conclusion  suggested  by  Mr.  Camp,  that  for 
facility  of  handling  the  best  material  to  use  is  sand. 

Mr.  Byers: — I  move  to  substitute  the  following:  "The  best  material 
is  that  which  combines  low  first  cost,  ease  of  handling  and  stability." 

(Amendment  seconded.) 

Mr.  Maurice  Coburn  (Vandalia  Line)  :— One  of  the  best  qualities 
about  sand  is  that  it  does  not  shrink  or  swell.  I  would  like  to  ask  if 
the   word    "stability"   takes   care   of  that   point. 

Mr.    Byers : — That   was   the   intention. 

The  President : — The  question  is  now  upon  the  adoption  of  the 
substitute  offered  by  Mr.  Byers. 

A  Member: — I  would  like  to  inquire  what  material  that  is  which  is 
most  economical  in  handling  and  most  economical  in  first  cost,  ease  of 
handling  and  that  has  stability. 

Mr.  Byers : — That  was  not  the  motion.  The  motion  was  that  it 
combined  low  first  cost,  not  the  lowest  first  cost;  that  it  combined  ease 
of  handling,  not  necessarily  the  greatest  ease  of  handling,  and  stability, 
not  necessarily  greatest  stability. 

The  President: — The  question  is  upon  the  adoption  of  the  substitute 
offered  by  Mr.  Byers  to  conclusion  4. 

(Upon  vote,  the  motion  was  carried.) 

The  Secretary:— (5)  Bridge  work,  both  railway  and  highway,  must 
ordinarily  consist  of  temporary  bridges,  to  be  replaced  by  permanent 
bridges  after  tracks  are  elevated  or  depressed. 

Mr.  McNab: — I  would  ask  the  Committee  to  accept  the  word 
"should"  instead  of  "must"  in  that  particular  paragraph. 

Mr.    Bremner: — Yes;   that   will  be   all   right. 

The  President: — The  Committee  accepts  the  suggestion  to  change 
the  word  "must"  and  substitute  "should." 

Mr.   Bremner : — I   move  the  adoption  of  the  conclusion. 

(Motion  seconded  and,  upon  vote,  conclusion  5  was  adopted.) 

The  Secretary:— (6)  Water,  sewer  and  gas  pipes,  electrical  con- 
duits and  wires  should  be  taken  care  of  and  the  work  of  moving  them 
should  be  done  by  the  companies  owning  them,  whether  or  not  the  work 
is  paid  for  by  the  railroad  company. 

Mr.  Byers: — I  would  like  to  ask  the  Committee  if  they  would  be 
willing  to  drop  the  word  "should,"  in  the  second  line,  and  substitute 
"must"? 

Mr.  Bremner : — The  Committee  will  not  do  that  this  time. 

Mr.  McNab: — Will  the  Committee  accept  placing  the  words  "if 
necessary"  in  the  work  of  moving?  It  is  not  always  necessary  that 
these  pipes  and  sewers  be  removed. 

Mr.  Bremner: — The  Committee  does  not  contemplate  doing  any  un- 
necessary work  at  all. 
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The  President: — The  question  is  upon  the  adoption  of  the  conclusion 
offered  by  the  Committee. 

(Upon  vote,  conclusion  6  was  adopted.) 

The  Secretary: — (i)  Establish  the  lowest  gradient  and  lightest 
curvature  which  physical  conditions  and  the  present  and  prospective 
business  of  the  road  will  admit. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — I  would 
like  to  ask  if  the  Committee  will  accept  the  substitution  of  the  word 
"warrant"  in  place  of  "admit." 

The  President: — The  Commictee  accepts  that  amendment. 

Mr.  Coburn : — It  seems  to  me  this  conclusion  i  invades  the  province 
of  the  Committee  on  Economics  of  Railway  Location  and  that  the  con- 
clusion is  of  no  value. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  :— I  take  it  the  Committee  on 
Economics  gives  detail  data  as  to  how  to  establish  the  necessary  grades, 
curvatures,  etc.,  with  reference  to  economic  value;  but  this  is  a  general 
principle  to  be  followed  in  work  of  this  kind,  and  it  is  not  invading 
the  sphere  of  the  work  of  the   Committee  on   Economics. 

Mr.  McNab: — As  chairman  of  the  Committee  on  Economics  I  think 
conclusion  i  is  in  proper  order  and  entirely  within  the  sphere  of  this 
Committee. 

Mr.  Cushing : — I  would  like  to  call  the  attention  of  the  Committee 
to  the  necessity  for  having  some  consistency  in  the  arrangement  of 
their  reports  before  they  go  into  the  Manual.  I  notice,  with  reference 
to  work  outside  of  cities,  that  there  is  an  organization  given  on  page  44, 
but  it  is  left  entirely  outside  of  the  conclusions,  whereas  in  the  other 
case  they  have  the  organization  in  the  conclusions.  Was  there  any 
special  reason  why  there  should  be  this  lack  of  similarity  in  their 
reports? 

Mr.  Bremner : — Conclusion  9  is  the  conclusion  with  reference  to 
organization. 

Mr.  Cushing: — Well,  why  should  it  be  arranged  differently?  Is 
it  in  proper  shape  to  go  into  the  Manual?  Would  not  the  Committee 
rather  withdraw  this  matter  this  year  to  harmonize  and  bring  it  in  next 
year? 

Mr.  Bremner: — There  is  no  objection  on  the  part  ot  the  Committee 
doing  that  if  the  convention  wishes.  However,  there  is  a  little  difference 
in  the  method  of  doing  work  outside  of  cities  and  inside.  Inside  of 
cities  the  organization  generally  comes  first,  before  the  work  is  planned, 
while  outside  of  cities  it  generally  comes  toward  the  last,  when  the 
work  is  being  done. 

Mr.    Cushing:— I    did    not    refer    to    that    at    all.      I    realized    that; 

but  I  referred  to  having  things  in  proper  shape  to  go  into  the  Manual, 

to  which   Mr.   Berg  has  already  called  attention.     I  think  we  want  our 

Manual  as  perfect  as  we  can  get  it,  both  as  to  arrangement  and  quality. 

Mr.    Berg: — I    think    the    point    Mr.    Cushing   makes    is    correct,    in 
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reference  to  the  conclusions  on  page  29,  as  to  work  inside  of  cities. 
If  in  that  case  the  Committee  starts  out  placing  organization  ahead, 
then  the  similar  conclusions  relating  to  work  outside  of  cities,  which 
will  be  printed  in  the  Manual,  annexed  probably  to  the  other,  immediately 
following  it,  ought  to  be  similarly  arranged.  Could  not  the  Committee, 
for  instance,  meet  that  point  by  taking  conclusion  9  and  putting  it  at 
the  head?     That  would  cover  the  point  raised  by  Mr.  Cushing,  I  think. 

Mr.  Bremner : — The  Committee  do  not  think  the  situations  are 
exactly  the  same.  We  are  willing  to  do  that  if  the  convention  thinks 
•best.  We  might  make  No.  9  No.  i ;  but  in  reality  the  work  is  done 
outside  first — preliminary,  location,  organization.  Then  the  final  or- 
ganization which  handles  the  work.  The  conclusions  are  not  along  the 
same  lines  as  the  other  conclusions.  They  do  not  deal  so  much  with 
handling  the  work  as  it  is  being  done,  as  to  what  the  results  should  be. 

Mr.  Berg: — From  the  statement  of  the  chairman  of  the  Committee, 
evidently  they  have  had  in  mind  the  proper  placing  of  these  paragraphs 
as  to  conclusions  relative  to  work  outside  of  cities.  As  explained, 
they  have  reasons  for  it.  Under  the  circumstances  I  think  we  had  better 
accept  the  arrangement  made  by  the  Committee,  understanding  ihat 
they  have  proper  reasons  for  it. 

Mr.  Cushing: — I  do  not  think  the  Committee  has  satisfactorily 
explained  the  case  at  all.  No.  9,  to  which  they  are  referring  con- 
stantly, is  nothing  but  a  general  statement.  It  does  not  refer  to  special 
organization  at  all,  and  there  is  as  much  need  for  organization,  if  it  is 
across  the  city  line,  as  if  it  is  in  the  city.  No.  9  does  not  refer  to  the 
organization  on  page  41,  and  does  not  become  part  of  the  Manual. 

Mr.  E.  H.  Lee  (Chicago  &  Western  Indiana)  : — The  conclusions 
covering  organizations  for  work  inside  of  cities  seem  to  be  outlined 
upon  a  logical  basis.  We  start  first  with  organization;  then  we  come 
to  the  characler  of  equipment  necessary ;  then  we  define  the  character 
of  the  material  desired  and  possible  to  secure,  etc. ;  then  we  come  to 
miscellaneous  considerations.  I  move  that  consideration  of  work  out- 
side of  cities  be  again  submitted  to  the  Committee,  to  be  considered 
along  the  same  general  lines,  and  that  it  give  consideration  to  the 
organization,  broad  consideration  to  the  character  of  equipment  neces- 
sary, which,  of  course,  will  vary,  probably  by  far  wider  limits  than  for 
work  inside  of  .cities,  and  some  discussion,  perhaps,  as  to  the  char- 
acter of  the  material  desirable,  although  that  is  determined  almost 
entirely  by   local   conditions. 

(Motion  seconded.) 
,  Mr.  Bremner : — The  work  outside  of  cities,  as  considered  by  the 
Committee,  is  somewhat  different  from  that  inside  cities.  Last  year 
this  Committee  made  a  long  report  on  the  machinery  for  handling  work 
which  was  mostly  for  work  outside  of  cities,  in  regard  to  steam  shovels 
and  other  equipment,  and  this  is  more  supplementary  to  that  report, 
while  the  report  as   to   work   inside   of  cities   is   along  entirely  different 
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lines,  so  that  we  should  combine  last  year's  report  with  these  conclusions, 
but  they  are  entirely  separate  from  the  conclusions  regarding  work 
inside  cities. 

Mr.  Lee: — It  is  realized  tliat  conditions  arc  materially  different  as 
to  work  inside  and  outside  of  cities,  but  the  position  taken  by  Mr. 
Gushing  seems  to  be  well  taken,  namely,  that  in  preparing  material 
for  the  Manual  the  more  the  reports  can  be  generalized  and  arranged 
under  the  same  general  heads,  with  the  same  general  arrangement,  the 
clearer  they  become.  Reference  might  be  made  to  the  previous  report, 
so  far  as  the  item  of  machinery  is  concerned,  if  that  has  gone  into 
elaborate  detail,  but  it  seems  lo  be  a  good  proposition  that  the  same 
general  outlines  should  be  adhered  to,  where  the  subject  matter  is  so 
nearly  alike  as  the  conclusions  covering  work  inside  and  outside  of 
cities. 

Mr.  Willoughby : — By  looking  through  the  conclusions,  you  will  notice 
that  the  Committee's  idea  as  to  work  outside  of  the  city  contemplates 
a  new  line  of  railroad.  The  Committee's  idea  is  to  get  rid  of  the  operated 
traok  and  construct  a  new  track.  There  is  no  more  reason  for  a 
special  organization  for  the  construction  of  the  track  the  Committee 
had  in  mind  than  there  is  for  a  special  organization  for  the  construction 
of  a  line  of  railroad  between  any  two  points,  and  for  that  reason  the 
Committee  thought  that  the  organization  which  is  necessary  in  the  city, 
which  involves  principally  the  raising  and  lowering  of  tracks,  was  not 
the  organization  required  for  work  outside  the  city,  nor  would  the 
work  be  carried  on  in  the  same  order  outside  of  the  city  as  it  is  inside 
of  the  city. 

Mr.  McDonald: — It  appears  to  me  that  these  two  sets  of  conclusions 
bear  the  earmarks  of  having  been  prepared  by  sub-committees  and  not 
having  received  full  consideration  by  the  whole  Committee.  The  language 
of  the  second  set  of  communications,  beginning  on  page  41,  is  in  the 
nature  of  instructions.  The  language  of  those  on  page  29  is  in  the 
nature  of  conclusions,  and  it  appears  to  me  that  if  for  no  other  accoutii 
the   Committee   should   revise  these  conclusions. 

The 'President : — The  question  is  upon  the  recommitting  the  con- 
clusions to  the  Committee. 

Mr.  Carolhers : — I  hope  the  convention  will  not  sustain  Mr.  Lee's 
motion  at  the  present  time.  It  seems  to  me  the  good  work  the  Com- 
mittee has  done  justified,  at  least,  a  discussion,  and  if  after  we  have 
gotten  through  it  is  necessary  to  refer  these  back,  the  Committee  will 
have  the  views  of  the  Association  to  ^vork  on,  and  it  seems  to  me 
rather  unfortunate  to  suppress  it  at  the  beginning.  I  would,  therefore, 
from  my  standpoint,  wait  until  after  the  discussion  has  been  completed. 

Mr.  Cushing: — If  the  convention  is  not  critical  of  its  own  work, 
somebody  else  will  be. 

Mr.  Lee: — The  motion  was  made  in  order  to  develop  discussion,  as 
one  of  its  aims.     The  opportunity  is  now   given  to  discuss   any  feature 


DISCUSSION  ON  ROADWAY.  645 

that  should  be  called  to  the  Committee's  attention.  The  Committee 
has  made  a  specific  reference  covering  the  work  inside  of  cities,  as  to 
what  work  should  be  done  by  company  organization  and  what  work 
should  be  done  by  contractors.  I  think  further  consideration  will 
enable  the  Committee  to  make  valuable  recommendations  along  the 
same  line  as  to  work  outside  of  cities.  Certainly,  if  it  has  the  eflfect 
of  cutting  off  discussion  I  shall  be  glad  to  temporarily  withdraw  my 
motion. 

The  President : — The  question  is  upon  the  adoption  of  the  motion 
to  recommit  the  conclusions  to  the  Committee  for  further  consideration. 

(A  vote  was  then  taken  and  the  motion  was  lost.) 

The  President : — The  conclusions  are  open  for  further  consideration. 
The  motion  is  made  and  seconded  to  adopt  conclusion  i,  as  amended, 
by  striking  out  the  word  "admit"   and   substituting  "warrant." 

(A  vote  was  then  taken  and  conclusion  i,  as  amended,  was  adopted.) 

The  Secretary: — (2)  Complete  the  location  entirely  before  entering 
on  the  work  of  construction. 

(The  conclusion  was  adopted.) 

•Mr.  McDonald : — I  move  that  we  reconsider  conclusion  2. 

(By  a  rising  vote,  the  motion  was  lost.) 

The  Secretary: — (3)  Attend,  first  of  all,  to  surface  and  waterway 
drainage,  and  last  to  the  roadway  drainage  in  excavations. 

Mr.  Bremner : — I  move  the  adoption  of  conclusion  3. 

(Motion  seconded.) 

The  President : — The  Chair  has  no  desire  to  limit  debate,  but  mem- 
bers should  take  the  opportunity  to  present  their  views'  promptly  to 
avoid  loss  of  time. 

(Upon  vote,  conclusion  3  was  adopted.) 

The  Secretary: — (4)  Separate  grades  of  railways  and  highways, 
wherever  practicable. 

Mr.    Bremner: — I   move    the   adoption    of   conclusion   4. 

(Motion  seconded,  and  conclusion  4  was  adopted.) 

The  Secretary: — (5)  Eliminate  temporary  bridges,  etc.,  by  the  sub- 
stitution of  permanent  structures  in  concrete  and  steel,  wherever  it 
can  be  done,  having  in  view  the  formation  of  a  continuous  roadway 
on  ballast. 

Mr.  Bremner : — I  move  the  adoption  of  conclusion  5. 

(Motion   seconded.) 

Mr.  Atwood : — I  move  to  amend  by  striking  out  the  words  "in 
concrete  and  steel"  in  the  second  line. 

(Motion  seconded.) 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  : — I  move  to 
amend  the  motion  by  striking  out  all  in  the  sentence  after  the  words 
"structures."     As   I    interpret  this   conclusion,   as  now  printed,   it  would, 
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if   adopted,    commit    the    Association    in    favor    of    ballast    floor    bridges, 
and  I  do  not  think  the  Association  is   ready  to  take  such  action. 

The   President :— Will   the   mover   accept   that  amendment? 

Mr.  Atwood  : — Yes,  sir. 

(Amendment  adopted  and,  upon  vote,  conclusion  5  was  adopted  as 
amended.) 

The  Secretary: — (6)  Do  all  light,  short  haul  and  preparatory  work 
with  teams  or  other  light  working  plant. 

Mr.  Bremner: — t  move  the  adoption  of  conclusion  6. 

(Motion  seconded  and  conclusion  6,  upon  vote,  was  adopted.) 

The  Secretary: — (7)  Provide  separate  tracks  for  work  and  traffic, 
wherever  it  can  be  done. 

Mr.   Bremner :— I   move  the  adoption  of  conclusion  7. 

Mr.  Byers:— I  move  to  amend  that  by  adding  the  words  "at  reason- 
able cost." 

(Amendment  seconded.) 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Erie)  : — I  would  like  to  amend 
conclusion  7  by  adding  the  words  "where  conditions  warrant."  Accord- 
ing to  my  experience  there  are  very  few  cases  in  which  you  cannot 
separate  them,  but  there  are  many  cases  where  the  conditions  will  not 
warrant  it. 

Mr.  Byers : — I  accept  that  amendment. 

The   President: — The   amendment  is   after  the  word   "traffic." 

Mr.  Byers : — I  will  withdraw  my  amendment. 

The  President: — Please  state  your  motion  again,  Mr.  Porter. 

Mr.  Porter:— To  provide  separate  tracks  for  work  and  traffic  "where 
conditions  warrant." 

(Amendment   seconded.) 

The  President: — "Where  conditions  warrant"  instead  of  the  ex- 
pression "wherever  it  can  be  done." 

(Upon  vote,  the  amendment  was  carried  and  conclusion  7  adopted, 
as  amended.) 

The  Secretary:— (8)  Have  a  well-defined  plan  for  conducting  heavy 
excavation  before   starting  work. 

Mr.  Bremner: — I  move  the  adoption  of  conclusion  8. 

(Motion  seconded,  and  conclusion  8  was  adopted.) 

The  Secretary: — (9)  The  simplest  organization  is  the  best.  Some 
one  man  should  be  in  responsible  charge  of  the  work,  with  a  staff  of 
engineers  under  him,  and  enough  supervisors  to  cover  the  work,  who 
have  full  control  of  men,  material  and  means  for  each  section,  with 
foreman  and  gangs  everywhere  needed. 

Mr.  Bremner: — I  move  the  adoption  of  conclusion  9. 

Mr.  McNab : — I  move  that  conclusion  9  be  amended  so  that  after 
the  word  "means,"  in  the  second  to  the  last  line,  it  will  read  "necessary 
for  the  sections  respectively  under  them." 

(Amendment    seconded.) 
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Mr.  Bremner : — That  gives  a  few  more  words  and  means  the  same. 

(By  a  rising  vote  the  amendment  was  carried.) 

The  President: — The  question  now  is  upon  the  adoption  of  con- 
clusion 9  as  amended. 

(Conclusion  9,  upon  vote,   was  adopted.) 

Mr.  Atwood : — I  would  move  that  the  numbers  of  these  conclusions 
be  altered  so  that  No.  9  shall  be  No.  i  and  the  other  numbers  changed 
accordingly. 

(Motion  seconded.) 

Mr.  McDonald : — I  move  that  the  Committee  be  instructed  to 
recast  the  language  of  these  conclusions  so  as  to  make  them  rather 
advisory  than  mandatory ;  I  mean  that  the  language  should  be  corrected 
to  agree  with  the  conclusions  which  they  submitted  in  the  other  part 
of  the  report ;  in  other  words,  that  they  should  all  be  submitted  in 
the  same  form,  not  to  change  their  sense  in  any  way. 

(Motion    seconded.) 

Mr.  Carothers : — As  I  understand  it,  that  means  the  conclusions  on 
pp.  29  and  41. 

Mr.  McDonald : — Only  the  conclusions  on  page  41 ;  and  in  illustra- 
tion of  what  I  mean,  take  conclusion  7 :  "Provide  separate  track 
for  work  and  traffic  wherever  it  can  be  done ;"  that  should  be  "separate 
tracks  for  work  and  traffic  should  be  provided  wherever  it  can  be 
done." 

The  President : — The  Chair  would  rule  that  the  effect  of  a  motion 
of  that  kind  would  be  to  recommit  the  conclusions  to  the  Committee, 
because  the  convention  has   adopted  these  conclusions. 

Mr.  W.  F.  Steffens  (South  &  Western)  : — Is  it  not  the  function  of 
the  editor  to  suggest  along  that  line;  or  are  the  conclusions  as  adopted 
fixed  with  respect  to  language? 

The  President : — The  method   is   not  to  change  fixed  phraseology. 

Mr.  McDonald : — Then  I  move,  in  order  that  our  conclusions  may 
be   in  a  nature  standard,   that  these  conclusions  be   recommitted. 

Mr.   Carothers : — I   second  that  motion. 

Mr.  McDonald : — For  that  purpose  only. 

Mr.   Carothers: — For   rearrangement? 

Mr.  McDonald: — Yes. 

The  President : — For  the  purpose  of  rearrangement  and  for  the 
purpose  of  simplifying  the  language. 

Prof.  W.  D.  Pence  (University  of  Wisconsin)  : — Revisions  of  this 
kind  have  heretofore  been  made  at  times  by  authority  of  the  Board  of 
Direction  before  publication  in  the  Manual,  so  that  this  referring  of  the 
matter  back  to  the  Committee  may  not  be  a  necessary  step. 

Mr.  Frank  Rhea  (Pennsylvania  Lines)  : — I  understand  that  under 
this  motion  the  Committee  will  be  expected  to  rearrange  the  conclusions, 
and  that  they  can  then  follow  the  broad  outline  indicated  in  the 
conclusions. 
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The  President: — The  question  is  upon  the  recommission  of  the 
conclusions  on  pp.  41  and  42. 

Mr.  Rhea : — I  understand  that  to  be  one  of  the  purposes  of  resub- 
mitting and  I  will  not  again  offer  the  resolution,  which  was  withdrawn, 
if  that  is  th(?  meaning  of  the  mover   of  the  resolution. 

Mr.  Howard  G.  Kelley  (Grand  Trunk)  : — The  way  in  which  Mr. 
McDonald's  motion  was  stated  by  the  Chair  is  not  as  I  understand 
the  motion  made  by  Mr.  McDonald.  Mr.  McDonald's  idea — and  I  trust 
he  will  correct  me  if  I  misstate  it — was  not  that  the  conclusions  were 
not  sufficiently  explicit,  but  that  they  were  mandatory  and  not  sug- 
gestive, or   as   a  matter  of   recommendation. 

The  President: — The  Chair  will  ask  Mr.  McDonald  to  put  his  motion 
in  writing. 

Mr.  Ewing: — I  entirely  agree  with  Mr.  McDonald.  I  understand 
from  Professor  Pence  that  a  change  in  the  wording  can  be  done  with- 
out referring  back  to  the  Committee,  and  if  that  can  be  done  it  will  not 
delay  matters  another  year. 

Mr.  Byers: — I  move  to  amend  the  motion  before  the  house  to  the 
effect  that  these  conclusions  be  referred  to  the  editor  to  rearrange,  in 
line  with  the  instructions,  and  to  then  place  them  so  arranged  in  the 
Manual. 

The  President: — The  Chair  will  submit  the  amendment  to  Mr.  Mc- 
Donald's motion. 

Mr.  Wendt:— I  submit  that  at  the  present  stage  of  the  proceedings 
we  should  act  under  rule  6,  as  provided  in  the  program,  which  states 
that  after  reports  have  been  discussed,  article  by  article,  the  convention 
will  take  action,  under  the  headings  A,  B,  C,  D,  E,  so  that  it  seems 
to  me  that  we  should  at  this  time  consider  a  motion  that  the  report 
be  received  as  a  progress  report  and  referred  back  to  the  Committee 
for  the  specific  purpose  mentioned  by  Mr.  McDonald. 

The  President :— The  Chair  would  rule,  Mr.  Wendt,  that  your  point 
is  not  well  taken,  but  that  rather  C  would  apply,  the  adoption  of  a 
portion.  We  have  adopted  a  portion  of  the  report.  Now  we  are 
referring  back  a  portion  of  it.    Mr.  McDonald's  resolution  is: 

"Resolved,  That  the  Committee  be  requested  to  recast  the  language 
of  the  conclusion  so  as  to  make  them  suggestive  instead  of  mandatory 
before  publication  in  the  Manual." 

Mr.  McDonald :— That  is  slightly  different  from  the  original  motion, 
but  that  was  my  intention. 

(Motion   seconded    and,   upon    vote,-  carried.) 

The  President:— The  Committee  is  relieved,  with  the  thanks  of  the 
convention. 


REPORT   OF    COMMITTEE   NO.  VIII— ON   MASONRY. 

(Bulletin    97.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  held  a  meeting  in  the  office  of  the  Association, 
Chicago,  November  pth,  the  following  members  being  present :  A.  O. 
Cunningham,  chairman ;  C.  W.  Boynton,  vice-chairman ;  W.  K.  Hatt, 
Richard  L.  Humphrey,  W.  H.  Petersen,  J.  W.  Schaub,  G.  H.  Scribner, 
Jr.,   G.   H.   Tinker. 

The  following  outline  of  work  was  assigned  your  Committee*  for 
the  past  year  by  the   Board  of  Direction : 

(i)  Appoint  a  sub-committee  to  co-operate  with  the  Joint  Com- 
mittee  on    Goncrete   and   Reinforced   Concrete. 

(2)  Review  and  edit  the  Specifications  for  Stone  Masonry  and 
present  same   for  final  approval. 

(3)  Investigate  and  report  upon  the  most  economical  size  or  com- 
bination of  sizes  for  stone  to  be  used  in  stone  concrete,  as  applied  to 
the   different   classes   of  work. 

(4)  Collect  data  upon  the  reported  failures  of  concrete  structures 
and  the  probable  cause  of  same.  This  may  be  assigned  to  the  sub- 
committee,   if   thought   desirable. 

(5)  Investigate  and  report  upon  the  waterproofing  of  masonry — 
methods,  results,  cost  and   recommended  practice. 

(6)  Present  typical  standard  designs  now  in  use  for  masonry 
culverts,  both   stone   and   concrete. 

(i)     Appoint  a  sub-committee  to   co-operate  with   the  Joint   Committee 
on  Concrete  and  Reinforced  Concrete. 

For  the  best  interests  of  the  work  of  the  Joint  Committee,  your 
Committee  deems  it  advisable  to  continue  indefinitely  the  present  sub- 
committee, the  personnel  being  as  follows:  A.  O.  Cunningham,  C.  W. 
Boynton,  G.  F.  Swain,  C.  H.  Moore,  G.  H.  Scribner,  Jr.,  the  last  two 
being  alternates. 

(2)     Review  and  edit  the  Specifications  for  Stone  Masonry  and  present 
same   for   iinal   approval. 

The  foregoing  instructions  have  been  complied  with,  and  the  revised 
specifications  are  submitted  herewith  for  final  approval  by  the  Asso- 
ciation. 
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♦SPECIFICATIONS  FOR  STONE  MASONRY. 

RECOMMENDED    STANDARD    SPECIFICATIONS. 
GENERAL. 

1.  The  classification  of  Masonry  and  the  requirements  for  cement 
and  concrete  shall  be  those  adopted  as  the  recommended  practice  of 
the  American  Railway  Engineering  and  Maintenance  of  Way  Association. 

2.  Where  the  term  "Engineer"  is  used  in  these  specifications,  it 
refers  to  the  engineer  actually  in  charge  of  the  work. 

GENERAL    REQUIREMENTS. 

3.  Stone  shall  be  of  the  kinds  specially  designated  and  shall  be 
hard  and  durable,  free  from  seams  or  other  imperfections,  of  approved 
quality  and  shape,  and  in  no  case  shall  have  less  bed  than  rise.  When 
liable  to  be  affected  by  freezing,   no  unseasoned  stone   shall  be   laid. 

4.  Dressing  shall  be  the  best  of  the   kind   specified. 

5.  Beds  and  joints  or  builds  shall  be  square  with  each  other,  and 
dressed  true  and  out  of  wind.    Hollow  beds  shall  not  be  allowed. 

6.  Stone  shall  be  dressed  for  laying  on  natural  beds. 

7.  Marginal  drafts   shall  be  neat  and  accurate. 

8.  Pitching  shall  be  done  to  true  lines  and  exact  batter. 

9.  Mortar  shall  be  mixed  in  a  suitable  box,  and  kept  clean  and 
free  from  foreign  matter.  Sand  and  cement  shall  be  mixed  dry  and 
in  small  batches  in  proportions  as  directed  by  the  engineer;  water  shall 
then  be  added ;  and  the  whole  mixed  until  the  mass  of  mortar  is  thor- 
oughly homogeneous  and  leaves  the  hoe  clean  when  drawn  from  it. 
Mechanical  mixing,  to  produce  the  same  results,  may  be  permitted.  Mor- 
tar shall  not  be  retempered  after  it  has  begun  to  set. 

10.  The  arrangement  of  courses  and  bond  shall  be  as  indicated  on 
the  drawings,  or  as  directed  by  the  engineer.  Stone  shall  be  laid  to 
exact  lines  and  levels,  to  give  the  required  bond  and  thickness  of  mor- 
tar in  beds  and  joints. 

11.  Stone  shall  be  cleansed  and  dampened  before  laying. 

12.  Stone  shall  be  well  bonded,  laid  on  its  natural  bed  and  solidly 
settled  into  place  in  a  full  bed  of  mortar. 

13.  Stone  shall  not  be  dropped  or  slid  over  the  wall,  but  shall  be 
placed  without  jarring  stone  already  laid. 


•  Adopted,  Vol.  7,  1906,  pp.  581-587,  602-604,  606-622.  Revised  and  adopted 
preliminarily  at  1907  convention,  Vol.  8,  p.  634,  subject  to  formal  adoption 
at  190S  eonventlon. 
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14.  Heavy  hammering  shall  not  be  allowed  on  the  wall  after  a 
course  is  laid. 

15.  Stone  becoming  loose  after  the  mortar  is  set  shall  be  relaid 
with  fresh  mortar. 

16.  Stone  shall  not  be  laid  in  freezing  weather,  unless  directed 
by  the  engineer.  If  laid,  it  shall  be  freed  from  ice,  snow  or  frost  by 
warming;  the  sand  and  water  used   in  the  mortar  shall  be  heated. 

17.  With  precaution,  a  brine  may  be  substituted  for  the  heating  of 
the  mortar.  The  brine  shall  consist  of  one  pound  of  salt  to  eighteen 
gallons  of  water,  when  the  temperature  is  32  degrees  Fahrenheit ;  for 
every  degree  of  temperature  below  32  degrees  Fahrenheit,  one  ounce 
of  salt  shall  be  added. 

18.  Before  the  mortar  has  set  in  beds  and  joints,  it  shall  be 
removed  to  a  depth  of  not  less  than  one  (i)  i«.  Pointing  shall  not  be 
done  until  the  wall  is  complete  and  mortar  set ;  nor  when  frost  is  in  the 
stone. 

19.  Mortar  for  pointing  shall  consist  of  equal  parts  of  sand, 
sieved  to  meet  the  requirements,  and  Portland  cement.  In  pointing,  the 
joints  shall  be  wet,  and  filled  with  mortar,  pounded  in  with  a  "set-in" 
or  calking  tool  and  finished  with  a  beading  tool  the  width  of  a  joint, 
used  with   a  straight-edge. 
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20.  The  stone  shall  be  large  and  well  proportioned.  Courses  shall 
not  be  less  than  fourteen  (14)  in.  or  more  than  thirty  (30)  in.  thick, 
thickness  of  courses  to  diminish  regularly  from  bottom  to  top. 

21.  Beds  and  joints  or  builds  of  face  stone  shall  be  fine-pointed, 
so  that  the  mortar  layer  shall  not  be  more  than  one-half  (yi)  in.  thick 
when  the  stone  is   laid. 

22.  Joints  in  face  stone  shall  be  full  to  the  square  for  a  depth 
equal  to  at  least  one-half  the  height  of  the  course,  but  in  no  case  less 
than  twelve   (12)   in. 

23.  Exposed  surfaces  of  the  face  stone  shall  be  rock-faced,  and 
edges  pitched  to  true  lines  and  exact  batter;  the  face  shall  not  project 
more  than  three   (3)   in.  beyond  the  pitch  line. 

24.  Chisel  drafts  one  and  one-half  (ij^)  in.  wide  shall  be  cut  at 
exterior  corners. 

25.  Holes    for    stone    hooks    shall    not    be    permitted    to    show    in 


Brldg* 
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Dressing. 
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exposed  surfaces.     Stone   shall  be  handled   with   clamps,   keys,  lewis   or 
dowels. 

26.  Stretchers  shall  not  be  less  than  four  (4)  ft.  long  and  have 
at  least  one  and  a  quarter  times  as  much  bed  as  thickness  of  course. 

27.  Headers  shall  not  be  less  than  four  (4)  ft.  long,  shall  occupy 
one-fifth  of  face  of  wall,  shall  not  be  less  than  eighteen  (18)  in.  wide 
in  face,  and,  where  the  course  is  more  than  eighteen  (18)  in.  high,  wiflth 
of  face  shall  not  be  less  than  height  of  course. 

28.  Headers  shall  hold  in  heart  of  wall  the  same  size  shown  in 
face,  so  arranged  that  a  header  in  a  superior  course  shall  not  be  laid 
over  a  joint,  and  a  joint  shall  not  occur  over  a  header;  the  same  dis- 
position shall  occur  in  back  of  wall. 

29.  Headers  in  face  and  back  of  wall  shall  interlock  when  thick- 
ness of  wall  will  admit. 

30.  Where  the  wall  is  three  (3)  ft.  thick  or  less,  the  face  stone 
shall  pass  entirely  through.     Backing  shall  not  be  allowed. 

*3i-a.  Backing  shall  be  large,  well-shaped  stone,  roughly  bedded 
and  jointed;  bed  joints  shall  not  exceed  one  (i)  in.  At  least  one- 
half  of  the  backing  stone  shall  be  of  same  size  and  character  as  the 
face  stone  and  with  parallel  ends.  The  vertical  joints  in  back  of  wall 
shall   not    exceed   two    (2)    in.     The    interior   vertical    joints    shall    not 

concrete. 


exceed  six   (6)   in.     Voids  shall  be  thoroughly  filled  with 
btdded  in  cement  mortar. 


spalls,  fully 


''31-b.     Backing  shall  be  of 


concrete. 


headers   and   stretchers,   as   specified    in 
paragraphs  26  and  27,  and  heart  of  wall  tilled  with  concrete. 

32.  Where  the  wall  will  not  admit  of  such  arrangement,  stone  not 
less  than  four  (4)  ft.  long  shall  be  placed  transversely  in  heart  of  wall 
to  bond  the  opposite  sides. 

33.  Where  stone  is  backed  with  two  courses,  neither  course  shall 
be    less    than   eight    (8)    in.    thick. 

34.  Bond  of  stone  in  face,  back  and  heart  of  wall  shall  not  be 
less  than  twelve  (12)  in.  Backing  shall  be  laid  to  break  joints  with 
the  face  stone  and  with  one  another. 

35.  Coping  stone  shall  be  full  size  throughout,  of  dimensions  indi- 
cated  on   the   drawings. 

36.  Beds,  joints  and  top  shall  be  fine-pointed. 


•  Paragraphs  31-a  and  31-b  are  so  arranged  that  either  may  be  elimi- 
nated according  to  requirements.     Optional  clauses  printed  In  Italics. 
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2,7-  Location  of  joints  shall  be  determined  by  the  position  of  the 
bed  plates,  and  be  indicated  on  the  drawings. 

38.  Where  required,  coping  stone,  stone  in  the  wings  of  abutments, 
and  stone  on  piers  shall  be  secured  togethe.r  with  iron  cramps  or 
dowels,  in  the  position  indicated  on  the  drawings. 


Locks. 


BRIDGE    AND    RETAINING    WALL    MASONRY. 
RUBBLE    STONE. 

•   39.     The    stone    shall    be    roughly    squared,    and    laid    in    irregular 

courses.     Beds    shall    be    parallel,    roughly   dressed,    and    the    stone    laid 

horizontal  to  the  wall.     Face  joints  shall  not  be  more  than  one    (i)   in. 

thick.     Bottom  stone  shall  be  large,  selected  flat  stone. 

40.     The  wall  shall  be  compactly  laid,  having  at  least  one-fifth  the 

surface  of  back  and  face  headers  arranged  to  interlock,  having  all  voids 

concrete. 
in  the  heart  of  the  wall  thoroughly  filled  with     .    , ,  ,         , 

suitable  stones  and  spalls, 

fully  bedded  in  cement  mortar. 


ARCH    masonrv. 

ASHLAR     STONE. 

41.  Voussoirs    shall    be    full    size    throughout    and    dressed    true    to 
templet,  and   shall   have  bond   not   less   than  thickness   of  stone. 

42.  Joints  of  voussoirs  and  intrados  shall   be  fine-pointed.     Mortar 
joints  shall  not  exceed   three-eighths    (J^)    in. 


43.     Exposed  surfaces  of  the  ring  stone  shall  be 


smooth. 


46.     Backing  shall  consist  of 


rock-faced,  with 
a  marginal  draft. 

44.  Number  of  courses  and  depth  of  voussoirs  shall  be  indicated 
on  the  drawings. 

45.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

concrete, 
large    stone,    shaped    to    fit    the    arch 

bonded  to  the  spandrel  and  laid  in  full  bed  of  mortar. 

47.  Where  waterproofing  is  required,  a  thin  coat  of  mortar  or 
grout  shall  be  applied  evenly  for  a  finishing  coat,  upon  which  shall  be 
placed  a  covering  of  approved   waterproofing  material. 

48.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

49.  Bench  walls,  piers,  spandrels,  parapets,  wing  walls  and  copings 
shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall 
Masonry,  Ashlar   Stone, 


Arch 
Masonry, 
Ashlar 
Stone. 


Face  or 
Surface. 


Backing. 
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Arch 

Masonry, 

Rubble 

Stone. 

Dressing. 


Face  or 
Surface. 


Backing. 


Bench  Walls, 
Piers, 
Spandrels, 
etc. 


Culvert 
Masonry. 


Side  Walls. 


Cover 
Stones. 


End  Walls, 
Coping. 


Dry 

Masonry. 
Retaining 
Walls. 


Pressing. 


ARCH     MASONRY. 
RUBBLE     STONE. 

50.  Voussoirs  shall  be  full  size  throughout,  and  shall  have  bond 
not  less  than  thickness  of  voussoirs. 

51.  Beds  shall  be  roughly  dressed  to  bring  them  to  radial  planes. 

52.  Mortar  joints  shall  not  exceed  one  (i)  in. 

53.  Exposed  surfaces  of  the  ring  stone  shall  be  rock-faced,  and  edges 
pitched  to  true  lines. 

54.  Voussoirs  shall  be  placed  in  the  order  indicated  on  the  drawings. 

T>    1  •        1    11  •        r  concr£te. 

55.  Backing  shall  consist  of 

large    stone,    shaped    to    fit    the    arch, 

bonded  to  the  spandrel,  and  laid  in  full  bed  of  mortar. 

56.  Where,  waterproofing  is  required,  a  thin  coat  of  mortar  or  grout 
shall  be  applied  evenly  for  a  finishing  coat,  upon  which  shall  be  placed 
a  covering  of  approved   waterproofing  material. 

57.  Centers  shall  not  be  struck  until  directed  by  the  engineer. 

58.  Bench  walls,  piers,  spandrels,  parapets,  wing  walls  and  copings 
shall  be  built  under  the  specifications  for  Bridge  and  Retaining  Wall 
Masonry,  Rubble  Stone. 

CULVERT    MASONRY. 

59.  Culvert  Masonry  shall  be  laid  in  cement  mortar.  Character  of 
stone  and  quality  of  work  shall  be  the  same  as  specified  for  Bridge 
and   Retaining  Wall   Masonry,   Rubble    Stone. 

60.  One-half  the  top  stone  of  tjie  side  walls  shall  extend  entirely 
across  the  wall. 

61.  Covering  stone  shall  be  sound  and  strong,  at  least  twelve  (12) 
in.  thick,  or  as  indicated  on  the  drawings.  They  shall  be  roughly 
dressed  to  make  close  joints  with  each  other,  and  lap  their  entire  width 
at  least  twelve  (12)  in.  over  the  side  walls.  They  shall  be  doubled 
under  high  embankments,  as  indicated  on  the  drawings. 

62.  End  walls  shall  be  covered  with  suitable  coping,  as  indicated 
on  the   drawings. 

DRY    MASONRY. 

63.  Dry  Masonry  shall  include  dry  retaining  walls  and  slope  walls. 

64.  Retaining  Walls  of  Dry  Masonry  shall  include  all  walls  in 
which  rubble  stone  laid  without  mortar  is  used  for  retaining  embank- 
ments   or    for   similar   purposes. 

65.  Flat  stone  at  least  twice  as  wide  as  thick  shall  be  used.     Beds 
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and  joints  shall  be   roughly  dressed   square  to   each  other   and  to   face 
of  stone. 

66.  Joints   shall   not  exceed   three-quarters    (^)-in. 

67.  Stone  of  different  sizes  shall  be  evenly  distributed  over  entire 
face  of  wall,  generally  keeping  the  largest  stone  in  lower  part  of  wall. 

68.  The  work  shall  be  well  bonded  and  present  a  reasonably  true 
and  smooth  surface,  free  from  holes  or  projections. 

69.  Slope  walls  shall  be  built  of  such  thickness  and  slope  as 
directed  by  the  engineer.  Stone  shall  not  be  used  in  this  construction 
which  does  not  reach  entirely  through  the  wall.  Stone  shall  be  placed 
at  right  angles  to  the  slopes.  The  wall  shall  be  built  simultaneously 
with  the   embankment   which   it   is   to   protect. 


Disposition 
of  Stone. 


Slope  Walls. 


Gse 
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(3)     Report   upon    the    most   economical   size    or   combination    of   sizes 

for  stone  to  be  used  in  stone  concrete,  as  applied  to  the  different 

classes  of  work. 

The   following   letter   and    form   for   replies   were   sent    to   members 

of  the  Association,  and   the  answers    received   are   shown   in   the    table : 

"The  Masonry  Committee  has  been  directed  to  report  to  the  next 
annual  convention  of  the  American  Railway  Engineering  and  Mainte- 
nance of  Way  Association  upon  the  most  economical  size  of  aggregates 
for  concrete. 

"In  order  to  assist  in  arriving  at  a  conclusion,  the  Committee  re- 
quests that  you   kindly   fill  out  the  enclosed  blank. 

"Please  state  what  you  consider  proper  for  the  maximum  size  of  (a) 
Broken  stone,    (b)    Gravel,  in  plain   concrete    (not   reinforced)    for: 

"(i)     Foundations. 

"(2)     Abutmev.ts  or  neat   work. 

"(3)     Coping  or   bridge   seats, 

"(4)     Thin  walls. 

"(5)     Arch   rings. 

"Should  any  variation  in  size  be  made  for  wet  or  dry  mixtures,  and 
if  so  what?" 

SUMMARY  OF  REPLIES  TO  CIRCULAR  ON  MAXIMUM  'SIZE  OF  ACGREG-^TES 
FOR   PLAIN  CONCRETE. 
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b— Gravel. 
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From  the  foregoing  summary,  your  Committee  draws  the  following 
conclusions : 

Considering  plain  concrete  only,  and  assuming  that  the  aggregate 
will  range  in  size  from  J4"in.  to  the  maximum  named,  a  preference  is 
shown  for  the  following  maximum  sizes : 

For  Foundations,  2^/2   in. 

For  Abutments,  2  in. 

For  Arch  Rings,  1^2  in. 

For  Coping,  Bridge  Seats  and  Thin  Walls,  i  in. 

(4)  Collect  data  upon  the  reported  failures  of  concrete  structures  and 

the  probable  cause  of  same. 

This  subject  is  under  investigation  by  the  Joint  Committee  on 
Concrete  and  Reinforced   Concrete. 

(5)  Investigate    and    report    upon    the    waterproofing    of    masonry — 

methods,   results,   cost  and   recommended   practice. 

This  item  is  also  under  consideration  by  the  Joint  Committee  on 
Concrete    and    Reinforced    Concrete. 

(6)  Present  typical  standard  designs  now  in  use  for  masonry  culverts, 

both  stone  and  concrete. 

Your  Committee  finds  that  stone  structures  of  this  class  are  rapidly 
going  out  of  use,  and  has  therefore  eliminated  them  from  considera- 
tion,  and  confines   itself  to   concrete  culverts,   plain   and    reinforced. 

Your  Committee  has  secured  from  t;  number  of  the  principal  roads 
of  this  country  and  Canada  copies  of  their  standard  plans  for  concrete 
culverts  up  to  20  ft.  span,  and  has  arranged  the  data  in  form  for  direct 
comparison. 

The  collection  of  this  data  and  its  preparation  has  been  attended 
with  much  difficulty  and  delay,  therefore  this  portion  of  the  report  is 
not  in  shape  for  publication  at  this  time;  and  as  this  subject  does  not 
involve  any  action  on  the  part  of  the  convention,  being  information 
only,  it  will  appear  in  a  Bulletin  after  the  annual  meeting. 

♦ 
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CONCLUSION. 
Your  Commiltee  oflfers  the   following  conclusion   for   adoption: 
(i)     It  is  recommended  that  the   Specifications  for   Stone   Masonry, 
as    submitted    herewith,   be    formally    approved. 

Respectfully    submitted, 

A.  O.  Cunningham,  Chief  Engineer,  Wabash  Railroad,  St.  Louis,  Mo., 
Chairman. 

C.  W.  BoYNTON,  Chief  Inspector,  Universal  Portland  Cement  Company, 
Chicago,   111.,   Vice-Chairman. 

W.    B.    Hanlon,    Civil   and   Mining   Engineer,    Cleveland,    O. 

W.  K.  Hatt,  Professor  of  Civil  Engineering,  Purdue  University,  La- 
fayette, Ind. 

Richard  L.  Humphrey,  Consulting  Engineer  and  Chemist,  Philadel- 
phia,  Pa. 

H.  H.  Knowlton,  Engineer  M.  W.,  Cleveland,  Cincinnati,  Chicago  & 
St.  Louis  Railway,   Mt.   Carmel,   111. 

C.  H.  Moore,  Engineer  Grade  Crossings,  Eric  R.  R.,  New  York,  N.   Y. 

W.  H.  Petersen,  Bridge  Engineer,  Chicago,  Rock  Island  &  Pacific  Rail- 
way, Chicago,   111. 

J.  W.   ScHAUB,   Consulting  Engineer,   Chicago,    111. 

F.  B.  Scheetz,  Engineer  Bridges,  Missouri  Pacific  Railway,  St.  Louis,  Mo. 

G.  H.    Scribner,   Jr.,   Contracting   Engineer,    Chicago,   111. 

W.  A.  Smith,  Resident  Engineer,  Erie  Railroad,   Suffern,  N.  Y. 

G.  F.  Swain,  Professor  of  Civil  Engineering,  Massachusetts  Institute 
of  Technology,   Boston,  Mass. 

G.  H.  Tinker,  Bridge  Engineer,  New  York,  Chicago  &  St.  Louis  Rail- 
way, Cleveland,  O. 

Job  Tuthilx,  Engineer  Bridges  and  Buildings,  Pere  Marquette  Railroad, 
Detroit.    Mich.  Committee. 


DISCUSSION. 

The  President :— We  will  now  have  the  report  of  the  Committee 
on  Masonry,  Mr.  A.  O.  Cunningham,  chairman.  The  chairman  will 
please   make   a  preliminary  statement  of  the   Committee's   report. 

Mr.  A.  O.  Cunningham  (Wabash)  : — This  year's  report  is  prac- 
t'cally  the  same  as  last  year's,  with  some  changes  we  wished  to  make, 
and  they  were  very  slight,  in  order  to  make  the  specifications  in  accord 
with  those  which  were  adopted  for  concrete  masonry.  I  move  that  the 
specifications   that   we  have   presented   for   stone    masonry   be   adopted. 

The  Secretary : — Your  Committee  oflfers  the  following  conclusion 
lor  adoption:  (i)  It  is  recommended  that  the  Specifications  for  Stone 
Masonry,    as    submitted    herewith,    be    formally    approved. 

The  President: — It  -is  moved  and  seconded  that  conclusion  i,  on 
page  68  of  the   Masonry  report,  be   adopted. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — I  would  like  to  ask  the 
chairman  of  the  Committee  to  state  whether  the  specifications  now  re- 
ported for  final  adoption  are  the  same  as  were  published  tentatively  in 
the  Manual,  pp.  114  to  119,  and,  if  not,  to  what  extent  have  they  been 
cl.'anged? 

Mr.  Cunningham : — There  were  no  changes  that  would  aflfect  the 
wording.      They    are    practically    the    same. 

Mr.  Berg: — Then  I  think  it  would  be  correct  lo  endorse  the  speci- 
fications without  reading  them,  as  they  were  thoroughly  discussed  at 
the  last  meeting.  The  point  made  at  the  last  meeting  was  that  there 
was  a  certain  rearrangement  of  side  headings  and  special  terms  that 
would  afifect  the  specifications,  but  to  leave  such  change  to  the  Com- 
mittee to  make  prior  to  the  publication  of  the  Proceedings,  and  that 
the  specifications,  as  so  corrected,  should  be  published  in  the  Manual, 
wi.h  a  footnote,  indicating  that  they  were  subject  to  the  formal  adoption 
at  this  meeting.  Therefore  the  motion  as  it  now  stands  should  be  to 
consider  simply  the  formal  adoption  of  the  specifications  as  previously 
adopted  tentatively. 

The  President: — You  have  heard  the  molion,  gentlemen,  to  adopt 
the  conclusion,  and  the  effect  thereof,  as  has  been  explained  by  Vice- 
President   Berg. 

(Upon  vote,  conclusion   i   was  adopted.) 

The   President : — The  Committee  will  be  relieved,  with  thanks. 

Mr.  Duncan  MacPherson  (Transcontinental  Railway — by  letter)  : — 
In   the   recommended   standard   specifications,   paragraph   26,   it   is   stated 
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t  -at  Headers  shall  not  be  less  than  4  ft  Ion-"  This,  of  course,  means 
llial  in  the  case  of  stretchers,  the  length  is  measured  on  the  line  of  the 
wall,  and  m  case  of  headers,  at  right  angles  to  that  line,  but  would  it 
not  be  better  to  say  so  specifically? 

In  paragraph  30  it  is  stated  that  the  face  stones  shall  pass  entirely 
through  the  wall.  Would  it  not  be  sutificient  to  say  that  the  headers 
shall  pass  entirely  through  the  wall?  Surely  it  is  not  necessary  to 
have  all   the  stretchers  do  so. 


REPORT  OF  COMiMITTEE  NO.  XI— ON  RECORDS, 
REPORTS  AND  ACCOUNTS. 

(Bulletin     97.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of   Way  Association: 

Your  Committee  on  Records,  Reports  and  Accounts  submits  here- 
with its  ninth  annual  report. 

BRIEF    REVIEW    OF    REPORT    OF     I907. 

(i)  In  the  report  for  1907  the  Committee  discussed  and  reviewed 
forms  to  be  used  for  submitting  recommendations  and  issuing  authority 
for  expenditures  by  executive  officers,  resulting  in  the  recommendation 
that  forms  M.  W.  1017,  M.  W.  1018  and  M.  W.  1019  be  adopted  as 
representing  good  practice. 

(2)  The  Committee  discussed  and  reviewed  the  subject  of  standard 
conventional  signs  for  use  on  right-of-way,  topographical  and  other  nuips 
desirable  in  railroad  work,  resulting  in  the  recommendation  represented 
by  forms  M.  W.  1020,  M.  W.  1021  and  M.  W.  1022. 

(3)  The  Committee  recommended  that  the  Board  of  Qirection  send 
a  letter  of  inquiry  to  the  managements  of  the  different  important  railways 
in  America,  requesting  information  showing  what  portions  of  the  Manual 
of  Recommended  Practice  have  been  adopted  as  a  standard  on  their  roads, 
and  inviting  criticism  of  practice  therein   recommended. 

(4)  The  Committee  recommended  that  form  M.  W.  1013  be  elimi- 
nated from  the  Manual  of  Recommended  Practice,  because  forms  M.  W. 
1018  and  M.  W.  1019  were  recommended  to  take  the  place  of  that  form. 

(5)  The  Committee  discussed  and  reviewed  the  subject  of  indi- 
vidual ledger  accounts,  resulting  in  a  recommendation  that  form  M.  W. 
1014  be  referred  back  to  the  Committee  for  further  discussion  and  study, 
and  that  the  Committee  be  instructed  to  submit  a  final  report  in  regard 
to  individual   ledger  accounts  in  the  work  of  the  following  year. 

PURPOSE    OF    THE    REPORT    FOR    IQOcS. 

The  Committee  was  instructed  by  the  Board  of  Direction : 
(i)     To    review    and    report    further    on    the    subject    of    individual 
ledger   accounts, 
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(2)  To  review  and  report  further  on  a  proper  system  for  right- 
of-way  and  track  maps. 

(3)  To  review  the  past  work  of  the  Association  in  regard  to  the 
conclusions  by  Committee  No.  XI,  and  to  call  for  a  free  expression 
from  the  membership  as  to  their  opinion  of  certain  specific  features 
of  the   right-of-way   map. 

Predicating  the  discussion  of  the  right-of-way  map,  the  following 
definition  was  assumed  for  it : 

"Right-of-Way  Map. — A  plat  representing  the  actual  location  and 
dimensions  of  all  property,  rights  or  franchises  that  are  owned  or 
controlled  by   a   railroad   company." 

The  following  definition   was  assumed   for  Track   Map : 

"Track  Map. — A  map  used  primarily  for  showing  physical  condi- 
tions, including  tracks,  bridges,  buildings,  water  service  and  mains,  leases, 
station  facilities  and  all  of  the  physical  and  operating  features." 

The  points  specially  considered  in  the  discussion  and  preparation  of 
the   recommended   form  for  a  right-of-way   map   were: 

(i)     The   information   that  should   appear   on   such   maps   originally. 

(2)  What  subsequent  changes  or  additions  should  be  shown  on 
such  maps,  bearing  in  mind  that  the  function  of  the  right-of-way  map 
is  one  of  a  record  of  acquired  rights  and  ownerships,  and  not  an  exhibit 
of  physical  or  operating  features. 

(3)  Advisability  of  a  color  scheme  for  indicating  ownerships  of 
adjacent    railway    properties. 

(4)  The  size  of  plats  and  method  of  filing. 

(5)  Advisability  of  showing  on  the  right-of-way  map  an  original 
profile  of  the  line. 

Among  a  number  of  replies  received  in  answer  to  the  circulars  sent 
out  by  the  Committee  concerning  the  matter  of  right-of-way  maps,  much 
more  than  the  majority  agree  that  the  descriptive  matter  and  conditions 
in  the  deed  record  on  the  right-of-way  map  be  omitted.  This  agrees 
with  what  the  Committee  had  practically  decided  to  include  in  its 
recommendations. 

The  answer  of  a  majority  seems  to  agree  with  the  Committee  in 
its  recommendation  in  regard  to  placing  the  tracks  and  structures  upon 
the  original  map. 

In  regard  to  subsequent  changes  and  additions,  there  seems  to  be 
a  diversity  of  opinion,  which  can  be  best  met  by  the  recommendation 
of  the  Committee. 

The  recommendation  of  the  Committee  in  regard  to  using  colors 
on  the  map  w^s  not  generally  favored  by   the   railroads  to  whom  the 
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matter  was  referred.  The  Committee  still  believes,  however,  that  this 
ought  to  be  incorporated  in  the  recommendations  governing  this  subject. 

The  recommendation  of  the  Committee  as  to  showing  original  profile 
upon  the  right-of-way  map  was  not  concurred  in  generally  by  the  rail- 
roads replying  to  the  circular,  but  after  a  full  discussion  the  Committee 
feels  it  does  not  care  to  recede  from  its  position. 

The  replies  in  regard  to  the  question  of  scale  were  so  much  at 
variance  that  the  Committee  did  not  feel  that  it  could  make  other  than 
a   general   recommendation   as    outlined. 

The  results  which  the  Committee  have  reached,  therefore,  are 
as  follows : 

RIGHT-OF-WAY    MAPS. 

Definition :  "Right-of-Way  Map. — A  plat  representing  the  actual 
location  and  dimensions  of  all  property,  rights  or  franchises  that  are 
owned  or  controlled  by  a  railroad  company." 

Right-of-way  maps  should  show  the  state,  county,  township,  town  or 
city;  the  right-of-way  alinement  complete;  the  station  plusses  of  the 
crossing  of  all  important  land  or  property  lines  and  streets,  with  the 
distance  to  all  permanent  land  or  street  corners;  the  angle  which  the 
center  line  of  the  road  makes  with  property  lines ;  the  number  of  the 
right-of-way  sheet;  the  points  of  the  compass;  the  scale  and  date  of 
the  map;  the  boundaries  of  the  several  parts  of  the  land  owned  by  the 
company,  and  the  width  of  the  right-of-way,  particularly  at  those  points 
where  the  widths  change.  Any  additions,  or  subdivisions  of  towns  or 
cities,  with  numbers  and  sizes  of  lots  and  blocks,  and  names  of  streets. 
It  should  also  show  all  main  tracks,  sidetracks  and  structures  that  were 
built  in  connection  with  the  original  construction  of  the  road;  and  the 
exact  location  of  all  crossings  of  steam,   electric  or  other   roads. 

On  or  near  each  part  of  the  land  on  the  right-hand  side  of  each 
map  should  be  shown  the  deed  custodian's  number ;  the  name  of 
grantor  and  grantee,  mileposts,  kind  of  instrument,  date,  and  book  and 
page  where  recorded.  This  also  includes  reference  to  leases,  franchises, 
ordinances  and  grants   concerning  the  use  of  land. 

The  original  right-of-way  map  should  be  traced,  and  the  tracing 
filed  away  for  a  permanent  record  of  the  conditions  existing  at  the  time 
the  railroad  was  completed.  The  map  from  which  this  tracing  is  made 
should  be  corrected  from  time  to  time  as  changes  are  made  in  important 
tracks  and  structures  which  are  of  value  as  reference  to  the  right-of- 
way  boundaries,  as  well  as  any  transfers  of  property  made  to  and  from 
the   railroad   company,   and   any   important   tracks   or    structures. 
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The  property  of  adjacent  railroads  or  of  subsidiary  and  associated 
companies  should  be  shown  in  different  colors  for  the  purpose  of  ready 
distinction. 

It  is  important  to  show  on  the  original  right-of-way  map  a  profile 
of  the  same  horizontal  scale  and  of  the  same  station  numbers  as  the 
map  and  of  suitable  vertical  scale,  which  profile  should  show  the  original 
subgrade,  the  location,  character  and  size  of  opening  of  each  bridge, 
waterway  or  under-crossings,  and  the  original  surface  of  the  ground, 
the  necessity  for  this  being  the  knowledge  of  physical  conditions  at  the 
time  the  road  was  built,  often  needed  in  defending  litigation  and  settling 
questions  arising  from   time  to   time. 

In  regard  to  the  scale,  size  and  methods  of  filing  maps,  it  is  not 
considered  advisable  to  make  a  definite  recommendation  as  to  the  scale 
of  such  maps,  because  of  the  different  conditions  that  require  greater 
or  less  detail.  It  is  suggested,  however,  that  a  range  of  from  50  ft. 
to  the  inch  to  400  ft.  to  the  inch  should  cover  all  possible  conditions, 
except,  possibly,  in  undeveloped  portions  of  the  country,  where  a  smaller 
scale  could  be  used. 

As  to  the  size  of  plats  and  methods  of  filing,  this  depends  so  much 
on  individual  ideas  and  office  arrangement,  that  it  is  not  considered  ad- 
visable to   make   a   definite   recommendation. 

The  Committee  reviewed  the  matter  of  handling  leases,  and  re- 
iterates the  recommendation  previously  made  (see  page  660,  Vol.  6  of 
the  Proceedings)  in  forms  M.  W.  lOii  and  M.  W.  1012,  which  have  been 
adopted  by  the  Association,  with  the  exception  of  the  last  paragraph 
on  page  659,  Vol.  6,  in  which  a  change  is  noted:  "Deeds  should  be 
numbered  consecutively  and  the  number  of  the  deeds  should  correspond 
with  the  number  on  the  right-of-way  plat  to  enable  ready  identification." 

TRACK    MAPS. 

The  Committee  has  reviewed  the  subject  of  track  maps  and  predi- 
cates  the    discussion    with    the    following    definition : 

"Track  Map. — A  map  used  primarily  for  showing  physical  conditions, 
including  tracks,  bridges,  buildings,  water  service  and  mains,  leases,  sta- 
tion  facilities  and  all  of  the  physical  and  operating   features." 

Track  maps  are  prepared  for  the  purpose  of  showing  all  physical 
conditions,  pertaining  to  the  construction  and  operation  of  the  railroad, 
and  should  show  the  limits  of  the  right-of-way  without  any  reference 
to  title  or  ownership.  It  should  show  all  main  tracks  and  sidetracks 
and   their  alinement,   the   distance   between   tracks,   length   of  tracks,  ca- 
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pacity  in  car  lengfths,  all  buildings  upon  the  right-of-way  and  adjacent 
thereto,  dimensions  and  character  with  reference  to  main  or  sidetracks; 
bridges,  culverts,  water  stations,  coaling  plants,  turntables,  shop  build- 
ings, water  mains,  electric  light  wires,  fences,  street  car  and  other 
railroad  crossings,  and  the  angle  they  make  with  the  railroad  track; 
sewers,  signals  of  all  kinds,  and  all  other  physical  conditions  on  the 
property.  All  structures  on  such  maps  should  be  located  by  chainage 
numbers  and  plusses. 

The  function  of  this  map  being  the  exhibit  of  physical  conditions, 
it  should  be  corrected  whenever  a  change  in  such  is  made,  and  after 
such  change  revised  copies  should  be  sent  to  the  general  office  for 
record. 

It  is  recommended  as  good  practice  to  make  ordinary  station  plats 
of  a  scale  lOO  ft.  to  the  inch,  except  in  cities  a«d  territories  of  large 
industrial  development,  where  it  may  be  desirable  to  use  a  scale  of  50 
ft.  to  the  inch,  or  thereabouts.  The  maps  should  show  the  north  point, 
scale,  original  date  and  date  corrected.  It  is  recommended  by  the 
Committee  that  the  use  of  conventional  signs  previously  recommended 
be  used  wherever  applicable  in  the  preparation  of  track   maps. 

INDIVIDUAL    LEDGER    ACCOUNTS. 

The  Committee  has  reviewed  the  subject  of  Individual  Ledger 
Accounts  in  accordance  with  the  instructions  of  the  Board  of  Direction. 

There  was  some  doubt  in  the  mind  of  the  Committee  as  to  the 
strict  interpretation  of  this  feature  of  the  instructions.  It  was  rather 
assumed  at  the  beginning  of  the  discussion  that  a  review  of  Individual 
Ledger  Accounts  implied  the  review  and  discussion  of  the  three  forms 
which  had  been  previously  recommended  for  use  in  connection  with 
the  preparation  of  estimates  and  the  issuance  v  of  authority  for  specially 
authorized  work  (forms  M.  W.  1017,  M.  W.  1018  and  M.  W.  1019). 

These  three  forms  seem  to  fit  the  purpose  very  well,  but  in  view 
of  the  recent  change  in  the  classification  of  operating  expenses  by  the 
Interstate  Commerce  Commission,  and  the  necessity  for  the  most  extreme 
care  in  the  preparation  of  estimates  and  a  correct  disposition  of  ex- 
pense between  the  different  accounting  items,  it  was  felt  it  would  be 
well  to  again  consider  form  M.  W.  1017,  with  a  view  to  elaborating 
upon  the  portion  of  the  form  upon  which  the  estimate  appears,  in  order 
to  enable  a  more  complete  record  to  be  made  and  kept,  showing  clearly 
the  basis  for  the  preparation  of  such   estimates. 
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In  view  of  the  fact  that  the  Committee  may  be  in  error  in  its 
assumption  that  these  forms  should  be  again  discussed,  it  wishes  merely 
to  suggest  that  if  it  is  the  sense  of  the  Association  that  the  form  shown, 
and  which  is  identified  as  "A  suggested  substitute  for  form  M.  W.  1017," 
be  discussed,  and  if  it  is  possible  for  this  subject  to  be  opened,  it 
would    recommend    the    adoption    of    the    new    form. 

In  the  handling  of  Individual  Ledger  Accounts,  there  are  five  steps 
to  be  considered,  and  which  may  be  outlined  as  follows: 

(i)     The  preparation   of   the   estimate. 

(2)  Authorization. 

(3)  The  appropriation. 

(4)  The  monthly  progress   report  of  expenditure. 

(5)  Recording  in  a  proper  ledger  the  completed  cost  of  such  work. 
The  first  three  steps  are  covered  by  forms  M.  W.   1017,  M.  W.   1018 

and  M.  W.  1019,  and  the  discussion  of  the  Committee,  therefore,  was 
the  forms  for  the  fourth  and  fifth  steps.  It  is  the  sense  of  the  Com- 
mittee that  a  report  showing  the  status  of  all  specially  authorized 
work,  as  far  as  the  expenditure  is  concerned,  is  of  great  importance. 
The  Financial  and  Constructing  Officer  both  need  to  have  periodically 
such  information  to  guard  against  the  possible  excess  in  the  cost  over 
the  estimate,  and  the  knowledge  of  what  remains  to  be  spent,  and  a 
form  is  therefore  suggested  (form  M.  W.  1020)  and  is  attached  to  the 
report,  which  is  designed  to  serve  this  purpose.  It  will  be  observed 
that  the  form  shows  the  authority  number,  description  of  the  work, 
location,  the  amount  authorized,  the  date  begun  and  completed,  the 
expenditures  made  during  the  current  month,  the  expenditure  previous 
to  the  current  month,  the  total  estimated  cost  to  the  end  of  the  ensuing 
month,  the  estimated  cost  of  completion,  and  the  increase  and  decrease 
in  the  cost  of  individual  items. 

The  form  as  recommended  does  not  provide  in  printed  form  the 
items  that  go  to  make  up  the  estimate,  because  the  form  must  neces- 
sarily be  used  for  a  great  many  different  kinds  of  work,  and  it  was 
therefore  concluded  that  the  first  column  should  be  left  blank  and  filled 
in  as  the  particular  work  required. 

To  cover  the  fifth  step,  a  form  is  proposed  and  indicated  as  form 
M.  W.  1014,  representing  the  Ledger  Account,  showing  the  cost  of 
completed  work,  the  purpose  of  this  being  to  serve  as  a  final  statement, 
and  which  should  be  the  permanent  record  of  cost.  The  form  would, 
in  a  measure,  serve  as  a  journal  for  current  expenditures  if  so  desired, 
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and  for  that  reason  some  of  the  columns  have  been  left  with  no  head- 
ing so  that  it  may  serve  either  purpose. 

The  value  of  such  a  form,  aside  from  the  permanent  record,  which 
is  now  not  only  desirable  but  legally  required,  is  of  value  as  a  means 
of  determining  unit  costs,  and  this  is  considered  to  be  quite  essential. 
The  form,  as  proposed,  provides  columns  showing  the  total  quantity 
of  material  used,  from  which  can  be  determined  the  unit  cost,  the 
blank  columns  being  for  the  purpose  of  writing  therein  complete  descrip- 
tion of  the  character  of  material  used  and  the  quantity  of  labor  per- 
formed. 

GENERAL    CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  con- 
clusions : 

RIGHT-OF-WAY    MAPS. 

*Definition :  "Right-of-Way  Map. — A  plat  representing  the  actual 
location  and  dimensions  of  all  property,  rights  or  franchises  that  are 
owned  or  controlled  by  a  railroad  comp*any." 

*(i)  Right-of-way  maps  should  show  the  state,  county,  township, 
town  or  city;  the  right-of-way  alinement  complete;  the  station  plusses 
of  the  crossing  of  all  important  land  or  property  lines  and  streets,  with 
the  distance  to  all  permanent  land  or  street  corners.  The  angle  which 
the  center  line  of  the  load  makes  with  property  lines;  the  number  of  the 
right-of-way  sheet ;  the  points  of  the  compass ;  the  scale  and  date  of  the 
map ;  the  boundaries  of  the  several  parts  of  the  land  owned  by  the  com- 
pany, and  the  width  of  the  right-of-way,  particularly  at  those  points 
where  the  widths  change;  any  additions  or  subdivisions  of  towns  or 
cities,  with  numbers  and  sizes  of  lots  and  blocks,  and  names  of  streets. 
It  should  also  show  all  main  tracks,  sidetracks  and  structures  that  were 
built  in  connection  with  the  original  construction  of  the  road ;  the  exact 
location  of  all  crossings  of  steam,  electric  or  other   roads. 

*(2)  On  or  near  each  part  of  the  land  on  the  right-hand  side  of 
each  map  should  be  shown  the  deed  custodian's  number;  the  name  of 
grantor  and  grantee,  mileposts,  kind  of  instrument,  date  and  book  and 
page  where  recorded.  This  also  includes  reference  to  leases,  franchises, 
ordinances  and  grants  concerning  the  use  of  land. 

*(3)  The  original  right-of-way  map  should  be  traced,  and  the  tracmg 
filed  away  for  a  permanent  record  of  the  conditions  existing  at  the  time 
the  railroad  was  completed.  The  map  from  which  this  tracing  is  made 
should  be  corrected  from  time  to  time  as  changes  are  made  in  important 
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tracks  and  structures  which  are  of  value  as  reference  to  the  right-of- 
way  boundaries,  as  well  as  any  transfers  of  property  made  to  and  from 
the   railroad  company,   and   any   important   tracks   or   structures. 

.  *(4)  The  properly  of  adjacent  railroads  or  of  subsidiary  and  asso- 
ciated companies  should  be  shown  in  different  colors  for  the  purpose 
of  ready  distinction. 

*(5)  It  is  important  to  show  on  the  original  right-of-way  map  a 
profile  of  the  same  horizontal  scale  and  of  the  same  station  numbers  as 
the  map  and  of  suitable  vertical  scale,  which  profile  should  show  the 
original  subgrade,  the  location,  character  and  size  of  opening  of  each 
bridge,  waterway  or  under-crossing,  and  the  original  surface  of  the 
ground,  the  necessity  for  this  being  the  knowledge  of  physical  conditions 
at  the  time  the  road  was  built,  often  needed  in  defending  litigation  and 
settling  questions  arising  from  time  to  time. 

*(6)  In  regard  to  the  scale,  size  and  methods  of  filing  maps,  it  is 
not  considered  advisable  to  make  a  definite  recommendation  as  to  the 
scale  of  such  maps,  because  of  the  different  conditions  that  require 
greater  or  less  detail.  It  is  suggested,  however,  that  a  range  of  from 
50  ft.  to  the  inch  to  400  ft.  to  the  inch  should  cover  all  possible  con- 
ditions, except,  possibly,  in  undeveloped  portions  of  the  country,  where 
a  smaller  scale  could  be  used. 

TRACK    MAPS. 

*Definition  :  "Track  Map.^A  map  used  primarily  for  showing  phys- 
ical conditions,  including  tracks,  bridges,  buildings,  water  service  and 
mains,  leases,  station  facilities  and  all  of  the  physical  and  operating 
features." 

*(i)  Track  maps  should  show  all  physical  conditions,  pertaining  to 
the  construction  and  operation  of  the  railroad  and  the  limits  of  the 
right-of-way  without  reference  to  title  or  ownership.  They  should  show 
all  main  and  sidetracks  and  their  alinement,  distance  between  them, 
capacity  and  car  lengths;  all  buildings  upon  the  right-of-way  and  ad- 
jacent thereto,  dimensions  and  character  thereof  and  location  with 
reference  to  main  or  sidetracks;  bridges,  culverts,  water  stations,  coaling 
plants,  turntables,  shop  buildings,  water  mains,  electric  light  wires,  fences, 
street  car  and  other  railroad  crossings,  and  the  angle  they  make  with 
the  railroad  track;  sewers,  signals  of  all  kinds  and  all  physical  condi- 
tions on  the  property.  All  structures  on  such  maps  should  be  located 
by  chainage  numbers  and  plusses. 
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*(2)  They  should  be  corrected  whenever  any  changes  are  made  in 
any  of  the  features  shown  thereon  and  a  corrected  copy  sent  to  the 
general  office  for  record. 

*(3)  It  is  recommended  that  a  scale  of  lOO  ft.  lo  ihc  inch  be  used 
for  such  maps  except  in  territories  and  cities  of  large  industrial  devel- 
opment, where  varying  scales  may  be  used  to  suit  the  local  conditions. 

*(4)  The  map  should  show  very  plainly  the  north  point,  scale, 
original  date  and  date  corrected. 

*(5)  The  conventional  signs  adopted  by  the  Association  should 
always  be  used  where  it  is  possible  and  convenient  to  do  so. ' 

INDIVIDUAL    LEDGER    ACCOUNTS. 

(i)  The  adoption  of  form  M.  W.  1020,  to  be  used  for  a  monthly 
progress   statement  of  expenditures. 

(2)  The  adoption  of  form  M.  W.  1014  as  a  standard  method  for 
recording  the  cost  of  individual  pieces  of  work,  such  form  to  be  used 
in  making  a  report  to  the  officer  in  charge  of  the  department  doing 
the  work. 

(3)  Your  Committee  recommends  for  consideration,  and,  if  possible, 
approval,  a  suggested  change  for  form  M.  W.  1017. 

Respectfully  submitted, 

H.   R.    Safford,    Chief   Engineer   Maintenance   of   Way,   Illinois    Central 

Railroad,  Chicago,   111.,  Chairman. 
J.  B.  Austin,  Jr.,  Engineer  Maintenance  of  Way,  Long  Island  Railroad, 

Jamaica,   N.  Y.,  Vice-Chairman. 
W.    Archer,    Assistant    Real    Estate    Agent,    Baltimore   &    Ohio    South- 
western  Railroad,    Cincinnati,    O. 
Edward   Gray,   Engineer   Maintenance   of   Way,    Southern    Railway,    St. 

Louis,  Mo. 
Henry    Lehn,    Maintenance   of    Way    Accountant,    New    York    Central 

Lines,   New  York,   N.   Y. 
A.  W.  Newton,  Inspector  of  Maintenance  of  Way,  Chicago,  Burlington 

&  Quincy  Railway,   Chicago,  111. 
J.   E.    ScHWiTZER,  Assistant   Chief  Engineer,    Canadian   Pacific   Railway, 

Winnipeg,  Manitoba. 
V.   D.    Simar,   Acting  Chief  Engineer,   Duluth,   South   Shore  &  Atlantic 

Railway,  Marquette,  Mich. 
R.  C.   St.  John,  Trainmaster,  Missouri  Pacific  Railway,  McGehee,  Ark. 
J.  E.  Turk,  Superintendent,  Philadelphia  &  Reading  Railway,  Tamaqua, 

Pa. 
E.  K.  Woodward,  Consulting  Engineer,   Chicago,   111. 

Committee. 
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AMENDMENTS. 

Definition  :  Right-of-Way  Map. — A  plat  representing  the  actual  lo- 
cation and  dimensions  of  the  property,  rights  or  franchises  owned  or 
controlled  hy  a  railroad  company. 

(r)  Right-of-way  maps  should  show  the  state,  county,  township, 
town  or  city  ;  the  right-of-way  alinement  complete,  with  particular  refer- 
ence to  long  and  short  stationing;  the  station  plusses  of  the  crossing  of 
all  important  land  or  property  lines  and  streets.  The  angle  which  the 
center  line  of  the  road  makes  with  property  lines;  the  number  of  the 
right-of-way  sheet;  the  points  of  the  compass  and  tangent  bearings; 
the  scale  and  date  of  the  map;  the  boundaries  of  the  several  parts  of  the 
land  owned  by  the  company,  and  the  width  of  the  right-of-way,  particu- 
larly at  those  points  where  the  widths  change;  any  additions  or  sub- 
divisions of  towns  or  cities,  with  numbers  and  sizes  of  lots  and  blocks 
and  names  of  streets.  It  should  also  show  all  main  tracks,  sidetracks 
and  structures  that  were  built  in  connection  with  the  original  construc- 
tion of  the  road :  the  exact  location  of  all  crossings  of  steam,  electric 
or  other  roads. 

(2)  On  or  near  each  part  of  the  land  on  the  right-hand  side  of 
each  map  should  be  shown  the  deed  custodian's  number;  the  name  of  the 
grantor  or  grantee,  reference  to  mileposts,  kind  of  instrument,  date  and 
book  and  page  where  recorded.  This  also  includes  reference  to  long- 
term  leases,  franchises,  ordinances  and  grants  concerning  use  of  land. 

(3)  The  original  right-of-way  map  should  be  traced,  and  the 
tracing  filed  away  for  a  permanent  record  of  the  conditions  existing 
at  the  time  the  railroad  was  completed.  The  map  from  which  this 
tracing  is  made  should  be  corrected  from  time  to  time  as  changes  are 
made  in  important  tracks  and  structures,  which  are  of  value  as  refer- 
ence to  the  right-of-way  boundaries  as  well  as  any  transfers  of  property 
made  to  and  from  the  railroad  company. 

(4)  The  property  of  adjacent  railroads  or  of  subsidiary  and  asso- 
ciated companies   should  be  shown   in  different  colors. 

(5)  It  is  important  to  show  on  the  original  right-of-way  map  a 
profile  of  the  same  horizontal  scale,  and  with  the  same  station  numbers 
as  the  map  and  of  a  suitable  vertical  scale,  which  profile  should  show 
the  original  subgrade,  the  location,  character  and  size  of  opening  of  each 
bridge,  waterway  or  under-crossings,  and  the  original  surface  of  the 
ground. 

(6)  On  maps  of  100  ft.  to  the  inch  and  less,  double  lines  should  be 
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used  for  indicating  tracks.     For  maps  upward  of  200  ft.  to  the  inch,  a 
single  line  should  be  used. 

Definition :  Track  Map. — A  map  used  primarily  for  showing  exist- 
ing physical  conditions,  including  tracks,  bridges,  buildings,  water  serv- 
ice and  mains,  leases,  station  facilities  and  other  physical  and  operating 
features. 

(i)  Track  maps  should  sliow  all  physical  conditions  pertaining  to 
the  construction  and  operation  of  the  railroad  in  the  limits  of  the 
right-of-way,  without  reference  to  title  or  ownership.  They  should  show 
all  main  and  sidetracks,  their  alinenient,  distance  between  them,  and 
capacity  in  cars;  all  buildings  upon  the  right-of-way  and  adjacent 
thereto,  dimensions  and  character  thereof,  and  location  with  reference 
to  main  or  sidetracks ;  bridges,  culverts,  water  stations,  coaling  plants, 
turntables,  shop  buildings,  water  mains,  conduits,  wire  lines  of  all  kinds 
and  supports,  fences,  street  car  and  other  railroad  crossings,  and  the 
angle  they  make  with  the  railroad  track;  sewers,  signals  of  all  kinds 
and  physical  conditions  on  the  property.  Important  structures  on  such 
maps   should   be    located    by   chainage   numbers    and    plusses. 

(2)  They  should  be  corrected  whenever  any  changes  arc  m.ade 
in  any  of  the  features  shown  thereon,  and  at  stated  periods  a  corrected 
copy  sent  to  the  proper  office. 

(3)  It  is  recommended  that  a  scale  of  100  ft.  to  the  inch  be  used 
for  such  maps  except  in  territories  of  large  industrial  development, 
where  varying  scales  may  be  used  to  suit  local  conditions. 

(4)  The  map  should  show  plainly  the  meridian,  scale,  original  date 
and   date   corrected. 

(5)  The  conventional  signs  adopted  by  this  Association  should  be 
used  where  possible  and  convenient. 
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DISCUSSION. 

The  President : — The  next  will  be  the  report  of  the  Committee  on 
Records,  Reports  and  Accounts,  Mr.  H.  R.  Safford,  chairman.  The 
chairman  will  make  a  preliminary  statement  to  the  meeting. 

Mr.  H.  R.  Safford  (Illinois  Central)  : — The  outline  of  the  work 
as  given  by  the  Board  of  Direciion  appears  on  pp.  45  and  46.  Three 
distinct  subjects  were  assigned  for  consideration,  the  first  being  the 
subject  of  individual  ledger  accounts;  the  second,  the  subject  of  right- 
of-way  and  track  maps,  and  while  there  appears  as  No.  3  a  request 
to  review  the  past  work  of  the  Association  with  regard  to  the  con- 
clusions of  the  Committee,  that  really  is  a  suggestion  of  the  Committee. 
The  outline  of  work  which  was  followed  appears  on  page  46,  with 
leference  to  the  right-of-way  map  and  track  map,  and  later  in  the  re- 
port appears  the  discussion  in  regard  to  individual  ledger  accounts.  In 
the  discussion  of  the  track  map  and  the  right-of-way  map,  some  changes 
suggested  themselves  to  the  Committee  in  regard  to  things  that  should 
appear  on  the  map,  also  the  advisabihty  of  a  color  scheme  for  indi- 
cating individual  ownerships,  and  the  matter  of  showing  on  the  original 
right-of-way  map  a  condensed  profile  of  the  line  as  originally  con- 
structed. The  Committee  sent  a  number  of  inquiries  to  members  of 
the  Association,  and  reference  is  made  to  those  replies  on  pp.  46  and 
i,y.  In  regard  to  track  maps,  some  such  investigation  was  conducted 
as  with  the  right-of-way  maps,  particular  reference  being  made  as  to 
what  should  appear  on  these  maps  in  the  way  of  final  structures  and 
other  matters,  which  is  outlined  on  pp.  48  and  49.  Attention  is  called 
to  the  paragraph  at  the  top  of  page  47,  in  which  there  appears  an 
error.  In  place  of  the  word  "conclusions"  should  be  the  word  "re- 
sults," and  there  should  be  inserted  the  word  "another"  in  regard  to 
track  and  right-of-way  maps.  This  is  an  error,  because  the  conclusions 
appear  at  the  close  of  the  discussion.  The  distinctive  features  dis- 
cussed in  connection  with  the  individual  ledger  account  were  first  the 
modified  form  to  replace  M.  W.  form  1017,  in  which  the  form  has  been 
enlarged  for  more  detail;  second,  in  regard  to  the  estimate,  and  the 
revised  form  is  somewhat  abbreviated  in  regard  to  the  instructions.  I 
refer   to  page   56. 

A  new  form  is  also  submitted  on  page  55,  being  a  suggested  form 
M.  W.  1020,  calling  for  a  monthly  report  of  expenditures  on  authorized 
work,  with  a  view  to  enabling  the  managing  officer  to  keep  a  record 
of   work    as    it   progresses,    so    that    notice    shall    be    given    in    case    the 
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appropriation  is  insufficient  and  to  enable  additional  authority  to  be 
requested  and   issued. 

The  President : — The  Secretary  will  read  the  general  conclusions 
on   page   51. 

The  Secretary  : — Definition  :  "Right-of-Way  Map. — A  plat  repre- 
senting the  actual  location  and  dimensions  of  all  property,  rights  or 
franchises  that  are  owned  or  controlled  by  a  railroad  company." 

Mr.   Safford: — I  move  the  adoption  of  the  definition. 

Mr.  G.  D.  Brooke  (Baltimore  &  Ohio)  : — I  would  like  to  inquire 
if  the  Committee  will  agree  to  substitute  for  the  word  "all,"  preceding 
the  word^  "property,"  in  the  second  line,  the  word  "the."  While  a 
right-of-way  map  should  show  all  the  property,  rights  and  franchises, 
the  mere  fact  that  it  does  not  show  everything  is  not  sufficient  to  indi- 
cate that  it  is  not  a  right-of-way  map. 

The  President : — The  Committee  accepts  the  suggestion,  and  the 
definition    will    stand   as    adopted. 

The  Secretary: — ''(i)  Right-of-way  maps  should  show  the  state, 
county,  township,  town  or  city ;  the  right-of-way  alinement  complete ; 
the  station  plusses  of  the  crossing  of  all  important  land  or  property 
lines  and  streets,  with  the  distance  to  all  permanent  land  or  street 
corners.  The  angle  which  the  center  line  of  the  road  makes  with 
property  lines ;  the  number  of  the  right-of-way  sheet ;  the  points  of  the 
compass;  the  scale  and  date  of  the  map;  the  boundaries  of  the  several 
parts  of  the  land  owned  by  the  company,  and  the  widiK  of  the  right- 
of-way,  particularly  at  those  points  where  the  widths  change;  any 
additions  or  subdivisions  of  towns  or  cities,  with  numbers  and  siz^,? 
of  lots  and  blocks,  and  names  of  streets.  It  should  also  show  all 
main  tracks,  sidetracks  and  structures  that  were  built  in  connection 
with  the  original  construction  of  the  road;  the  exact  location  of  all 
crossings  of  steam,   electric   or   other   roads." 

Mr.  George  W.  Kittredge  (New  York  Central  &  Hudson  River)  : — 
It  seems  to  me  the  word  "all"  has  been  used  too  often  in  this  para- 
graph. For  instance,  in  the  fourth  line  it  says,  "the  distance  to  all 
permanent  land  or  street  corners."  The  map  might  contain  fifteen  or 
twenty  streets,  and  the  conclusion  would  read  just  as  well  if  "all" 
was  omitted  in  several  of  the  pkices  where  it  appears  throughout  the 
paragraph. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie)  :— It  occurs  to  me  that 
the  suggestions  for  the  right-of-way  map  include  too  much.  I  think 
the  right-of-way  map  should  show  nothing  but  the  property ;  it  should 
show  the  original  location  of  the  railroad;  it  should  show  what  yon 
might  call  the  monumented  center  line,  as  now  located,  but  it  should 
not  include  tracks  and  other  structures  which  are  changeable.  Track"^ 
and  other  structures  should  be  shown  on  another  map,  which  should 
be  called  a  record  track  map,  on  which  changes   should  be  made   from 
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time  to  time,  but  a  right-of-way  map  should  not  change  except  as  the 
right-of-way  changes.  I  think  we  should  eliminate  from  all  right-of- 
way  maps  everything  except  the  right-of-way  and  whatever  is  necessary 
to  define  the  right-of-way.  It  is  necessary  to  have  the  original  center 
line  of  the  railroad,  and  the  monumented  center  line,  possibly  the 
original  center  line  referred  to  the  monumented  center  line.  I  think 
it   would   be  possible  to  eliminate   this   extraneous   information. 

Mr.  Walter  G.  Berg  (Lehigh  Valley)  : — Mr.  Atwood  is  correct. 
There  is  a  great  legal  value  in  having  the  right-of-way  map  show  the 
original  condition  of  the  property  when  the  railroad  originally  entered 
into  it,  and  also  supplementary  additions  to  the  property,  confined  more 
particularly  to  showing  such  additional  property  by  suitable  notation  or 
coloring,  and  noting  the  year  of  the  acquisition  of  such  additional  piece 
of  property.  The  original  right-of-way  maps  generally  show  the  original 
installation  of  tracks  and  structures,  and  it  becomes  for  taxation  pur- 
poses and  legal  purposes  very  important  to  preserve  a  record  of  those 
conditions  at  the  time  of  first  construction  and  original  entry  on  ihe 
land.  It  is  also  important  to  show  the  waterway  courses  as  they  orig- 
inally existed,  little  runs,  and  their  subsequent  improvement  by  filling  at 
local  stations  along  the  line.  These  right-of-way  maps,  by  not  having 
been  supplemented  or  revised  to  show  the  changed  topographical  and 
track  conditions,  become  a  very  valuable  exhibit  in  any  suit  or  demon- 
stration that  may  be  necessary  on  the  part  of  the  railroad  company  to 
protect  some  claim  based  on  the  original  arrangements  or  construction 
:.t   the  tirrre   of  the  entry   on   the   land. 

I  have  always  favored  the  suggestion  made  by  Mr.  Atwood,  that 
there  should  be  two  maps,  one  called  the  right-of-way  map,  correspond- 
ing exactly  to  the  definition  we  have  just  adopted,  and  the  other  a 
supplementary  map,  with  the  right-of-way  map  as  the  general  founda- 
tion for  it,  a  tracing  or  compilation  from  the  right-of-way  map,  in 
v/hich  the  property  outlines  would  be  shown,  but  in  which  the  detail 
information  as  to  the  property  boundaries  and  the  numerous  mass  of 
notes  that  have  to  be  put  on  a  property  map,  as  to  the  title  of  prop- 
erty, date  of  deed,  etc.,  would  all  be  omitted  on  this  second  set  of 
maps,  but  the  boundary  and  outline  of  the  property  shown  and  subse- 
quent improvements  kept  up  to  date.  In  that  waj'  you  preserve  your 
original  record  and  at  the  same  time  have  a  separate  set  of  maps  up 
to  date.  You  cannot  add  to  the  original  set  of  maps  subsequent  notes 
and  additions,  especially  if  they  are  very  extensive,  without  erasing  in 
many  cases;  in  fact,  that  is  one  of  the  methods,  to  erase  the  original 
matter  where  it  interferes,  and  draw  over  the  new  matter.  On  the 
other  hand,  if  you  attempt  to  leave  the  original  matter,  and  supplemetit 
the  new  matter,  it  becomes  a  very  intricate  map,  and  in  amending  this 
map  you  must  always  have  in  mind  the  preserving  of  clear  indications 
of    what    was    originally    on    the    map,    and    what    the    additions    consist 
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of,    and    you    lose   the    legal    value    that    the    original    right-of-way    map 
should  always  have. 

Mr.  Safford : — I  agree  with  Mr.  Atwood  and  Mr.  Berg  in  regard 
to  showing  too  much  information  on  the  original  right-of-way  map. 
There  should  be  other  maps  for  that  purpose.  The  Committee  dis- 
cussed that  feature  very  extensively,  and  it  resulted  in  inserting  the 
words,  "sidetracks  and  structures  that  were  built  in  connection  with 
the  original  construction  of  the  road,"  and  the  preparation  of  para- 
graph 3,  which  provides  "the  original  right-of-way  maps  should  be 
traced,  and  the  tracing  filed  away  for  a  permanent  record  of  the  con- 
ditions existing  at  the  time  the  railroad  was'  completed."  It  was  the 
opinion  of  the  Committee  that  the  original  right-of-way  map,  which 
would  probably  be  a  hard  paper  map,  should  still,  to  a  certain  extent, 
show  some  physical  conditions,  although  of  course  it  would  be  im- 
practicable to  show  all  the  physical  conditions  that  would  appear  on  an 
operating  map. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — I  ask 
the  Committee  why  they  omitted  all  reference  to  the  meridian  bearings 
of  the  various  right-of-way  lines. 

Mr.  Safford : — It  should  be  in  there.  I  thought  it  was — it  was 
apparently    overlooked. 

Mr.  M.  L.  Byers  (Missouri  Pacific) .: — ^With  reference  to  the  last 
sentence  in  this  conclusion,  it  seems  to  me  that  it  is  probably  desirable 
to  place  a  limitation  on  the  tracks  and  structures  which  are  shown  in 
this  original  plan.  That  limitation,  I  think,  should  be  those  tracks  and 
structures  which  are  referred  to  in  the  property  descriptions.  We  are 
not  very  much  interested  in  anything  outside  of  that,  and  anything  else, 
which  is  not  referred  to  in  the  property  descriptions,  rather  adds  to  the 
confusion    than   gives    information    of   value. 

The  President: — The  Committee  accepts  the  suggestion  as  to  the 
inclusion  of  reference  to  the  meridian  lines.  The  question  is  on  the 
adoption   of  conclusion    i    with   that   addition. 

Mr.  Atwood : — I  make  a  motion  that  everything  be  stricken  from 
the  right-of-way  map  with  the  exception  of  reference  to  the  original 
center  line.  In  the  last  three  lines  it  says,  "It  should  also  show  all 
main  tracks,  sidetracks  and  structures  that  were  built  in  connection 
with  the  original  construction  of  the  road ;  the  exact  location  of  all 
crossings  of  steam,  electric  or  other  roads."  I  think  that  we  should 
strike  that  out  and  substitute  these  words :  "It  should  also  show  the 
original  center  line  of  the  railroad." 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  ask  Mr.  Atwood  if  he 
wishes  to  eliminate  the  location  of  crossings  of  steam  and  electric  roads, 
which   are   features   of   the    right-of-way? 

The  President: — Mr.  Atwood's  motion  did  not  meet  with  a  second, 
but   we   can  have   a   limited   discussion   on   this   matter. 
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Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — In  view  of  Mr. 
Atwood's  motion  not  being  seconded,  I  would  move  to  refer  conclusion 
I  back  to  the  Committee  for  revision,  to  show  on  the  right-of-way 
map  only  the  actual  conditions  at  the  time  of  the  construction  of  the 
road,  having  no  reference  to  tracks  that  may  be  placed  on  the  right- 
of-way,  or  any  other  feature,  other  than  the  actual  conditions  at  the 
time  of  the  location  of  the  center  line  and  the  purchase  of  the  right- 
of-way. 

The  President : — Does  Mr.  Ewing  desire  ihe  specific  language  used 
in  his  motion  to  be  made  a  part  of  the  instructions  to  the  Committee? 

Mr.    Ewing: — Yes,    sir. 

The  President :— Do  I  hear  a  second  to  that  motion? 

Mr.  Byers: — It  seems  to  me  that  is  rather  objectionable,  from  the 
fact  that  occasionally  old  deeds  have  referred  to  the  distance  of  some 
switch  point,  or  old  siding,  or  some  other  landmark  of  that  character, 
and  if  that  is  not  shown  on  the  right-of-way  maps,  its  value  in  identi- 
fying the  description  is  lost.  We  all  know  that  is  a  very  undesirable 
form  of  description,  but  nevertheless  we  meet  with  such  descrip- 
tions, and  wherever  any  object  is  described  in  the  deed,  I  think  that 
object  should  be  shown  on  the  right-of-way  map. 

Mr.  Atwood :— In  further  recommendation  of  the  carrying  of  this 
motion,  I  would  like  to  call  your  attention  to  the  necessity  of  showing 
on  right-of-way  maps  a  synopsis  of  the  conditions  of  each  deed.  It 
is  a  very  desirable  thing  to  have  that  set  forth  on  your  map.  You 
can  take  out  your  right-of-way  map  then  and  say,  "This  right-of-way 
is  No.  99,  and  on  99  on  the  map  you  have  a  description  of  the  condi- 
tions contained  in  the  original  deed." 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — I  favor  the  sense 
cf  this  motion,  except  that  portion  which  refers  the  question  back  to 
the  Committee.  This  same  question  has  been  before  the  convention 
heretofore.  A  reference  to  the  Manual  will  show  the  conclusions 
adopted  a  year  or  two  ago,  and  the  Committee  in  this  report  aims 
simply  to  carry  the  former  conclusion  one  step  further.  The  conclu- 
sion as  presented  is  strictly  in  accordance  with  the  Manual,  except  the 
last  three  lines  of  conclusion  i.  The  definition  submitted  is  very  clear, 
and  it  does  seem  to  me  that  the  good  work  the  Committee  has  done 
this  year  should  not  be  made  of  no  effect  by  referring  this  whole  ques- 
tion back  to  them,  when  by  a  simple  elimination  of  three  lines  in 
paragraph  i  the  paragraph  will  agree  exactly  with  the  best  work  of 
this  Association,  and  bring  the  Manual  up  to  date.  The  idea  in  the 
mind  of  the  Committee  is  that  there  should  be  two  right-of-way  maps, 
if  I  understand  the  Committee.  A  reference  to  the  text  of  their  re- 
port shows  that  they  had  in  mind  that  an  original  right-of-way  map 
should  be  prepared,  and  that  that  original  map  should  be  supplemented 
by  a  track  map,  practically  as  stated  in  paragraph  3  on  page  51.     When 
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they  say  map,  they  really  mean  a  map  on  paper,  not  on  tracing  cloth, 
and  if  you  will  notice  in  paragraph  3  they  say  "the  original  rigt-of- 
way  map  should  be  traced,  and  the  tracing  filed  away  for  a  perma- 
nent record  of  the  conditions  existing  at  the  time  the  railroad  was 
completed."  I  think  the  report  of  the  Committee  is  correct;  first,  that 
there  should  be  this  original  map,  which  would  show  all  the  features 
of  the  original  right-of-way,  and,  secondly,  there  should  be  a  right- 
of-way  map  which  would  show  the  features  outlined  by  Mr.  Atwood, 
showing  pieces  of  property  purchased  near  the  railroad,  property  pur- 
chased for  single  track,  two  tracks,  three  tracks  or  four  tracks,  and 
such  a  map  would  be  distinctively  a  right-of-way  map  in  accordance 
with  the  definition  of  this  Association.  I  would  therefore  like  to  sec 
paragraph  i  adopted,  with  the  elimination  of  the  last  three  lines. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  suggest  that  this 
whole  matter  can  be  quickly  disposed  of  if  the  mover  of  the  motion 
will  withdraw  it,  and  let  Mr.  Byers  make  a  motion  in  accordance  witn 
his   suggestion.      It   takes    care   of   the   whole   situation   then. 

Mr.  Bj^ers: — I  move  to  amend  Mr.  Ewing's  motion,  to  make  the 
last  sentence  read  as  follows :  "It  should  show  the  original  center  line 
and  such  main  tracks,  sidetracks  and  structures  as  are  referred  to  in 
the  property  descriptions." 

The  President : — The  Chair  will  make  the  following  statement :  Mr. 
Ewing  makes  a  motion  to  recommit  the  report,  using  specific  language 
which  is  to  be  the  guide  of  the  Committee  in  recasting  paragraph  i. 
Mr.  Byers  amends  that  motion,  as  you  have  just  heard.  The  question 
is  on   Mr.   Byers'  amendment  to   Mr.   Ewing's  motion. 

Mr.  Safford : — Mr.  Byers  has  in  his  amendment  covered  quite  fullv 
the  ground  that  the  Committee  intended  to  cover,  with  this  exception — 
that  we  have  found  it  quite  desirable  to  have  on  an  original  map  many 
of  the  features  which  have  been  suggested,  and  in  this  connection  it 
should  not  be  overlooked  that  these  maps  are  taken  better  care  of  than 
track  maps.  The  original  conditions  with  reference  to  structures  and 
main  tracks  are  often  needed  in  litigation,  and  it  was  for  that  reason 
we  reported  as  we  did  in  the  last  sentence  of  the  paragraph.  The 
Committee  would  not  be  inclined  to  raise  much  objection  to  the  amend- 
ment Mr.  Byers  made,  in  that  he  has  got  the  idea  to  show  on  the 
right-of-way  maps  anything  shown  on  the  deeds — that  is  the  principal 
reason  for  incorporating  that  in  there.  The  important  reason  for  the 
necessity  for  incorporating  some  information  in  reference  to  structures, 
bridges  particularly,  is  that  it  saves  us  trouble  in  case  of  litigation. 
That  was  the  only  condition  that  the  Committee  intended  to  cover  in 
the  paragraph.  I  should  not  like  to  see  it  referred  back,  as  it  covers 
the  points  brought  up,  and  possibly  with  some  amended  language  it 
would   fit   the   conditions. 

Mr.    Ewing: — I   think   if   Mr.   Byers    will   consider   the   original   mo- 
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tion  a  little  more  carefully,  perhaps  he  will  believe  it  will  cover  what 
he  has  in  mind,  as  the  motion  practically  says  that  we  shall  cover 
actual  conditions  at  the  time  of  the  purchase  of  the  right-of-way.  If 
Mr.  Byers  lays  his  track  before  he  purchases  the  right-of-way,  those 
are    conditions    which    should    be    shown    on    the    map. 

(Th'e  question   being   put   on    Mr.    Byers'    amendment,    it   was   lost.) 

(The  question  being  put  on  Mr.  Ewing's  motion  to  recommit 
paragraph  i  to  the  Committee,  with  the  specific  language  used  in  that 
motion    for    their    instruction,    it    was    not    agreed    to.) 

Mr.   Cushing: — I   move  the  adoption  of  the  paragraph   as   it   stands. 

(The  motion  was  carried.) 

(President  Berg  in  the  Chair.) 

The  President: — We  will  take  up  conclusion  No.  2,  relating  to 
right-of-way  maps,  on  page  51.  The  Chair  will  rule,  to  save  time 
tKat  it  is  not  necessary  to  make  a  motion  to  adopt  each  conclusion 
separately.  If  there  are  no  objections,  it  will  be  understood  that  the 
conclusion   is   adopted. 

The  Secretary:— "(2)  On  or  near  each  part  of  the  land  on  the 
right-hand  side  of  each  map  should  be  shown  the  deed  custodian's  num- 
ber; the  name  of  grantor  and  grantee,  mileposts,  kind  of  instrument, 
date  and  book  and  page  where  recorded.  This  also  includes  reference 
to  leases,   franchises,   ordinances   and   grants   concerning  the   use   of  land 

"(3)  The  original  right-of-way  map  should  be  traced,  and  the 
tracing  filed  away  for  a  permanent  record  of  the  conditions  existing  at 
the  time  the  railroad  was  completed.  The  map  from  which  this  tracing 
ii.  made  should  be  corrected  from  time  to  time  as  changes  are  made 
in  important  tracks  and  structures  which  are  of  value  as  reference  to 
the  right-of-way  boundaries,  as  well  as  any  transfers  of  property  made 
to  and  from  the  railroad  company,  and  any  important  tracks  or 
structures." 

Mr.  Atwood: — I  wish  to  ask  the  Committee  if  they  propose  to 
make  revisions  in  the  right-of-way  map  to  show  changes  to  tracks  and 
structures,  etc.,  as  they  are  referred  to  here.  I  think  that  would  spoil 
the   value   of   the    right-of-way    record    map. 

Mr.  Safford : — It  is  intended  to  make  changes  only  in  the  same 
structures  that  were  outlined  in  conclusion  i.  We  appreciate  the  fact 
that  that  would  in  time  make  a  number'  of  changes,  and  for  that  reason 
suggested  a  tracing  be  filed  for  permanent  record,  which  would  not 
be  changed,  the  map  on  which  the  change  is  made  to  be  a  copy  of  it. 
We  would  not  attempt  to  show  small  things,  like  drain  tile  or  mile- 
posts,  but  only  important  bridges  and  main  tracks  and  important  side- 
tracks. 

Mr.  Atwood : — Do  you  intend  on  the  record  right-of-way  plan  to 
keep  a  record  of  all  data  as  to  location  of  main  tracks  and  important 
sidings? 

Mr.    Safford:— Yes. 
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Mr.  Atwood : — I  think  that  is  a  great  mistake.  I  think  that  is 
\\ork  which  should  be  confined  to  the  record  track  map.  The  record 
light-of-way  map   should  be  a   different  affair. 

Mr.  Kittredge : — I  agree  with  Mr.  Atwood  in  his  remarks.  The 
right-of-way  map  should  refer  only  to  the  right-of-way.  The  last 
line  of  the  paragraph,  where  it  says,  "and  any  important  tracks  or 
structures,"  might  be  left  in,  if  it  were  modified  and  restricted  by 
referring  lo  the  necessity  of  distinguishing  the  supplemental  descrip- 
tions of  right-of-way,  not  put  them  on  because  they  are  tracks  and 
structures,  but  put  them  on  because  they  are  necessary  in  connection 
with   some   phase   of  the   right-of-way, 

Mr.  Safford  :^In  regard  to  Mr.  Kiitredge's  statement,  I  think  we 
could  cut  out  the  last  six  words  of  the  paragraph. 

Mr.  Kittredge : — I  do  not  know  that  you  want  to  cut  them  out,  if 
they  do   refer  to   any  matter  connected  with   the   right-of-way. 

Mr.  Safford : — It  really  is  a  repetition,  and  appears  at  the  head  of 
that  paragraph. 

The  President: — Does  the  chairman  of  the  Committee  make  a 
suggestion  ? 

Mr.  Safford: — The  Committee  suggests  that  the  last  six  words  in 
the  conclusion  be  eliminated. 

The  President : — That  will  be  agreed  to,  and  conclusion  3  be  con- 
sidered as  adopted. 

The  Secretary: — "(4)  The  property  of  adjacent  railroads  or  of 
subsidiary  and  associated  companies  should  be  shown  in  different  colors 
for  the  purpose  of   ready   distinction." 

Mr.  Kittredge : — I  do  not  know  that  the  last  six  words  in  that 
paragraph    are    necessary.     I    think   our   conclusions    should    be    concise. 

Mr.  Safford : — That  is  acceptable  to  the  Committee  and  we  will  cut 
out   the   words    "for   the   purpose   of   ready   distinction." 

The  Secretary: — "(5)  Tt  is  important  to  show  on  the  original  right- 
of-way  map  a  profile  of  the  same  horizontal  scale  and  of  the  same 
station  numbers  as  the  map  and  of  suitable  vertical  scale,  which  profl'- 
should  show  the  original  subgrade,  the  location,  character  and  size  of 
opening  of  each  bridge,  waterway  or  under-crossing,  and  the  original 
surface  of  the  ground,  the  necessity  for  this  being  the  knowledge  of 
physical  conditions  at  the  time  the  road  was  built,  often  needed  in 
defending   litigation   and    settling   questions    arising    from    time   to   itme." 

Mr.  McDonald : — In  connection  with  Mr.  Kittredge's  suggestion 
with  reference  to  No.  4,  it  seems  to  me  that  the  explanation  at  the 
end  of  conclusion  5  might  very  well  be  dispensed  with,  and  I  would 
move  to  strike  out  everything  after  the  word  "ground." 

Mr.   Safford  : — That  is  acceptable. 

The  President : — The  Committee  accepts  the  elimination  of  all  after 
the  word  "ground"  and  the  change  will  be  adopted  and  the  paragraph 
approved,   unless    there    is    further   objection. 
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The  Secretary: — "(6)  In  regard  to  the  scale,  size  and  methods  of 
filing  maps,  it  is  not  considered  advisable  to  make  a  definite  recommenda- 
tion as  to  the  scale  of  such  maps,  becanse  of  the  different  conditions  that 
require  greater  or  less  detail.  It  is  suggested,  however,  that  a  range  of 
from  50  ft.  to  the  inch  to  400  ft.  to  the  inch  should  cover  all  possible 
conditions,  except,  possibly,  in  undeveloped  portions  of  the  country, 
where  a  smaller  scale   could   ])e   used." 

The    President: — If   there    is   no   objection,    conclusion    6   will   sland. 

Mr.  Kittredge : — There  seems  to  have  been  no  mention  made  in 
the  right-of-way  maps  of  anything  pertaining  to  long  or  short  stations. 
The  stationing  has  quite  an  imporiant  bearing  on  all  maps,  and  it  would 
seem  as  if  it  were  deserving  of  a  place  here.  I  would  suggest  that  that 
be  one  of  the  things  that  might  come  up  for  discussion  at  the  next 
meeting. 

The  President : — The  Committee  has  inherent  power  between  now 
and  the  next  convention  to  give  that  consideration  and  report  such 
revision  or  addition   as   they  think  desirable. 

Mr.  McDonald: — I  make  the  same  motion  with  reference  to  con- 
clusion 6.  The  language  of  the  section  is  not  what  it  should  be,  and 
I  would  like  to  ask  the  Committee  to  recast  it,  cutting  out  superfluous 
words  and  retaining  its  meaning. 

The  President: — The  intention  is  to  give  the  Committee  authority 
to  revise  the  paragraphs  prior  to  publication,  provided  the  sense  is 
retained. 

Mr.  McDonald: — Not  only  authorized  to  do  so,  but  requested  to 
do  so.  » 

Mr.  Baldwin : — Going  back  a  little  to  conclusion  2,  beginning  near 
the  end  of  the  second  line,  "the  name  of  the  grantor  and  grantee, 
niileposts,  kind  of  instrument,"  etc.  Of  course,  mileposts  could  not 
be  shown  at  every  piece  of  land,  but  I  suggest  inserting  before  the 
word  "mileposts"  the  word  "reference,"  to  make  it  read  "reference  to 
mileposis." 

Mr.    Safford : — The    Committee    accepts    that. 

Mr.  Baldwin : — In  line  with  the  recommendation  as  to  the  long 
and  short  stations,  that  might  be  put  in  the  second  line  of  conclusion 
I,  just  before  "the  station  plusses."  The  matter  of  short  and  long 
stations  is  sometimes  overlooked  on  original  right-of-way  maps,  and 
is    of    extreme    importance. 

The  President : — I  suggest  that  it  be  "with  particular  reference  Lo 
and   with    suitable   notation   of   short    and    long   stations." 

Mr.    Safford : — The   Committee    will   make   that   change. 

Mr.  Wendt : — In  regard  to  No.  6,  I  think  it  would  be  well  for 
the  Committee  to  consider  during  the  coming  year  whether  it  is  pos- 
sible to  determine  scale  and  size  of  right-of-way  maps,  not  that  one 
scale  would  be  used,  nor  one  size,  but  the  Committee,  it  seems  to 
me,  can  determine  the  number  of  sizes  and  the  number  of  scales  which 
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could  be  used.  For  instance,  the  Committee  can  recommend  a  certain 
scale  to  be  used  within  the  limits  of  cities  or  towns,  and  another 
scale  for  the  open  road.  With  reference  to  the  matter  of  size,  it 
seems  to  me  our  Association  should  take  a  step  which  will  result  in 
a  standard  or  in  a  series  of  standards  of  sizes,  and  it  is  the  peculiar 
province  of  this  Committee,  as  expressed  along  the  line  of  records,  to 
produce  a  conclusion  in  the  shape  suggested  which  will  recommend 
such  sizes  and  scales  as  they  deem  best.  I  make  this  suggestion,  be- 
cause as  an  Association  we  are  endeavoring  to  arrive  at  a  uniform 
method. 

Mr.  Byers :— It  occurs  to  me  the  Association  may  be  ready  to 
pass  on  that  point.  For  the  purpose  of  bringing  that  out,  and  also 
because  I  am  satisfied  that  the  figures  which  I  propose  to  name  will 
cover  the  situation,  I  move  that  three  different  scales  be  adopted,  300 
ft.  to  the  inch,  for  the  open  road;  100  ft.  to  the  inch,  for  towns,  and 
5c  ft.  to  the  inch,  for  city  detail  when  necessary.  I  propose  that  as 
a    substitute    for   paragraph    6. 

Mr.  Safford :'- — That  would  ordinarily  appear  to  be  a  good  outline 
for  a  definite  recommendation,  and  the  Committee  considered  it  very 
thoroughly.  It  was,  however,  brought  to  the  attention  of  the  Commit- 
tee that  under  certain  conditions  even  a  scale  of  50  ft.  to  the  inch 
would  not  be  satisfactory.  That  was  particularly  true  of  some  of  the 
roads  in  and  about  New  York  City  and  other  large  cities.  It  was 
also  brought  to  our  attention  that  in  some  parts  of  the  country,  par- 
ticularly in  the  Southwest,  which  is  undeveloped,  that  a  scale  of  even 
greater  than  300  ft.  to  the  inch  could  be  used,  because  there  was 
really  nothing  to  show  on  the  right-of-way  map  except  the  alinement 
and  the  width  of  right-of-way  and  bridges,  and  you  could  safelv 
use  a  scale  of  500  ft.  to  the  inch,  and  for  that  reason  the  Committee 
felt  it  would  be  impossible  to  prepare  a  recommendation  that  would 
meet  with  the  views  of  the  larger  part  of  the  membership,  and  there- 
fore concluded  that  the  recommendation  would  have  to  be  more  or 
less   vague   just   for   those    reasons. 

Mr.  J.  H.  Milburn  (Baltimore  &  Ohio)  :— With  regard  to  this 
question,  we  have  recently  made  quite  a  number  of  right-of-way  maps 
of  the  Baltimore  &  Ohio  System  and  we  have  consequently  on  file 
quite  a  large  number  of  maps  that  will  not  comply  with  Mr.  Byers' 
amendment.  We  have  found  after  experimenting  and  looking  up  past 
work  that  the  200-ft.  scale  suits  our  conditions  for  the  districts  that 
are  not  congested,  but  for  congested  districts  we  use  a  loo-ft.  scale. 
We  make  our  maps,  as  a  rule,  through  the  whole  territory  on  a  200- 
ft.  scale  and  the  portions  of  them  to  a  lOO-ft.  scale,  where  necessary,  to 
show  all  the  information  clearly.  As  far  as  our  yards  are  concerned, 
we  have  found  that  a  scale  of  50  ft.,  as  a  rule,  answers  the  purpose 
very  well.  Therefore,  I  think  that  inasmuch  as  other  roads  have 
their   preference   for   a   different   scale   on   these   maps,   and    as    a   great 
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deal  of  work  has  been   done  that  we  cannot   do   over,   that   the   recom- 
mendation  of   the    Committee   had   better   stand    as    it    is. 

Mr.  McDonald : — ^There  has  been  no  motion  to  reconsider  con- 
clusion 6,  and  before  it  can  be  discussed  again  it  should  be  reconsid- 
ered. 

The  President :— The  Chair  rules  that  after  passing  upon  the  in- 
dividual paragraphs  under  one  heading  of  the  report,  that  a  motion 
is  in  order  that  the  conclusions  as  a  whole  under  this  heading  shall 
bf.  adopted,  which  opens  up  the  main  question  and  allows  amendments. 
Unless  objection  is  taken  to  that  ruling,  ihe  question  is  on  the  adoption 
of  the  clauses   i   to  6  as  a  whole. 

Mr.  McDonald  :^I  move  that  clauses  i  to  6  as  a  whole  be  adopted. 
The    President: — Mr.    Byers,    do   you   withdraw    your   amendment? 
Mr.    Byers : — I    withdraw    my    amendment. 

The    President  :^The    opinion    of    the    Chair    is    that    it    is    inoppor- 
tune  to  act  on  this   matter   now,   the   detail   recommendation  had   better 
be    left   to   the   more   deliberate    conclusions    of    the    Committee. 
(Mr.   McDonald's  motion   was  carried.) 

The   President: — We  will  now  proceed  to   track  maps,   on  page   52. 

The    Secretary  : — Definition  :      "Track   Map. — A   map    used    primarily 

for    showing    physical    conditions,     including    tracks,    bridges,    buildings, 

water  service  and  mains,  leases,   station   facilities  and  all  of   the  physical 

and    operating    features." 

Mr.  Byers : — I  move  that  the  word  "present"  be  inserted  in  the 
first  line,  so  that  the  definition  will  read,  "for  showing  present  physical 
conditions." 

Mr.    Safiford : — The    Committee    accepts    that. 

Mr.  Kiltredge: — I  suggest  that  the  two  words  "all  of"  be  stricken 
from  the  next  to  the  last  line  of  the  paragraph.  It  seems  imprac- 
ticable to  show  on  a  map  all  of  the  operating  features.  If  we  leave 
these  two  words   out  we  will  accomplish   what  we  want. 

Mr.    Safiford : — I    would    suggest    that    the    word    "other"    be    substi- 
tuted.     We    have    mentioned    a    few    of   the    things    we    desire    to    show, 
and  the   substitution    of   the   word   "other"   covers    everything. 
Mr.    Kittredge : — That    would    be    satisfactory. 
The    President : — The    suggestion    will    be    adopted. 
Mr.    Baldwin: — What    is    the    object    of    the    word    "leases"    in    the 
definition?     Leases   are   primarily   a    right-of-way    feature    and    the    Com- 
mittee   already    have    included    ihem    in    the    right-of-way    maps.      I    do 
not    think    that    is    something    which    should    necessarily    be    shown    on 
track   maps. 

Mr.  Safford : — That  was  not  regarded  by  the  Committee  as  very 
important,  yet  we  felt  there  were  occasions  when  it  was  desirable  to 
show  on  the  track  map  information  of  that  kind,  particularly  with 
reference  to  some  of  the  long-term  leases.  As  a  general  proposition, 
we    would   not   need   to    show   on    the    track    maps    all    that    information. 
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but   there   are   certain    conditions   where   it   would   be   desirable,   and    for 
that  reason   we   thought    it   best   to   let   the   word    "leases"    remain. 

The  President : — The  definition  of  track  map,  as  amended  by  the 
insertion  of  the  word  "present"  and  "other,"  will  be  considered  as 
adopted   in   that    form. 

The  Secretary: — "(i)  Track  maps  should  show  all  physical  con- 
ditions pertaining  to  the  construction  and  operation  of  the  railroad 
and  the  limits  of  the  right-of-way  without  reference  to  title  or 
ownership.  They  should  show  all  main  and  sidetracks  and  their  aline- 
ment,  distance  between  them,  capacity  and  car  lengths ;  all  buildings 
upon  the  right-of-way  and  adjacent  thereto,  dimensions  and  character 
thereof  and  location  with  reference  to  main  or  sidetracks ;  bridges, 
culverts,  water  stations,  coaling  plants,  turntables,  shop  buildings, 
water  mains,  electric  light  wires,  fences,  street  car  and  other  railroad 
crossings,  and  the  angle  they  make  with  the  railroad  track;  sewers, 
signals  of  all  kinds  and  all  physical  conditions  on  the  property.  All 
stritctures  on  such  maps  should  be  located  by  chainage  numbers  and 
plusses." 

M'r.  Safford  :• — I  want  to  call  attention  to  an  error  in  line  5  ;  to  the 
word  "and ;"  the  second   word  of  that   line  should  be   "in." 

Mr.  A.  Montzheimer  (Elgin,  Joliet  &  Eastern)  : — Do  I  understand 
that  we  are  not  to  show  the  right-of-way  lines  on  this  map,  or  indi- 
cate   the    limits    of   ownership    on    the    map? 

Mr.  Safiford : — The  second  line  answers  you  in  the  words  "in  the 
limits  of  the  right-of-way."  That  is  intended  to  mean  that  the  lines 
of  the   right-of-way  should   be   shown. 

Mr.  Baldwin ; — I  suggest  in  place  of  the  word  "all,"  at  the  be- 
ginning of  the  last  sentence,  that  that  should  read  "important  struc- 
tures." It  is  not  practicable  to  give  chainage  numbers  to  all  struc- 
tures. 

Mr.  Safiford : — That  is  accepted  by  the  Committee. 
Mr.  Milburn : — I  hardly  think  we  should  be  restricted  in  regard 
to  the  ownership.  Frequently  in  our  maps  of  track  alinement  and 
other  physical  conditions  it  is  very  valuable  to  show  the  ownership 
of  the  property  adjacent  to  that  of  the  railroad  company.  I  would 
ofifer  an  amendment  to  leave  out  the  word  "ownership,"  permitting 
us  to  show  on  our  record  maps  of  alinement,  tracks,  or  track  maps,  as 
mentioned  here,   and   also  the  ownership  of  the   adjacent   property. 

Mr.    SafTord:— Do    I    understand    that    you    intend    to    suggest    that 
ownership   of   adjoining   property   should   be    shown? 
Mr.   Milburn: — Yes. 

Mr.  Safford :— While  that  is  a  good  thing,  the  difficulty  is  that 
the  railroad  cannot  keep  up  with  the  transfers  that  are  continually 
made  of  such  property,  and  we  could  not  rely  on  the  information 
shown  as  being  correct  without  checking  up  the  handling  of  such 
property.     We    fear    it    would   be    impracticable    for   that    reason. 
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Mr.  Geo.  H.  Bremner  (Chicago,  Burlington  &  Quincy) : — I  sup- 
pose these  maps  are  to  be  drawn  to  scale.  If  that  is  the  case,  it 
would  seem  to  me  the  words,  "and  location  with  reference  to  main 
or  sidetracks,"  in  the   paragraph  are  superfluous. 

Mr.  Safiford : — We  thought  it  desirable  to  leave  that  in  there,  as 
we  frequently  want  to  consider  the  change  of  tracks,  and  the  scale 
of  the  map  may  not  give  accurate  enough  information  to  determine 
whether  the  change  of  such  structures  might  interfere  with  the  tracks 
as   proposed.     That   is   the  purpose   of  adding  that. 

Mr.  Kittredge: — Will  "all  buildings  on  the  right-of-way"  be  con- 
strued liberally  enough  to  take  in  wire  lines,  transmission  lines,  power 
lines  or  telephone  lines?  Again,  where  "electric  light  wires"  are  re- 
ferred to,  why  should  not  telephone  wires  and  other  wires  and  cross- 
ings be  included? 

Mr.  Safford : — I  think  the  paragraph  should  refer  to  other  lines  or 
wires  adjacent  to  the  track.     That  is  intended. 

Mr.  McNab : — We  should  include  after  the  word  "wires"  the  words 
"and    permanent    standards." 

Mr.  Byers : — I  suggest  ihat  be  made  to  read,  "electric  light  and 
other  wires  and  standards."     That  would  cover  the  point  raised. 

Mr.    Safiford: — What   is    meant   by   standards? 

Mr.   Byers : — Poles  carrying  the  wires. 

Mr.  Safford: — The  Committee  would  consider  the  use  of  this  term, 
"wires    lines    of   all   kinds   and   supports." 

Mr.  McNab: — I  ask  the  Committee  what  is  meant  by  "capacity  in 
car  lengths."     Does  it  mean  working  capacity? 

Mr.    Safford : — It    means    the    number   of    cars    the    track    will    hold. 

The  President : — The  Chair  will  state  that  the  Manual  includes 
the  recommendation  that  the  capacity  of  sidings  on  our  engineering 
plans  shall  be  specified  and  understood  by  taking  the  car  length  as 
40   ft. 

Mr.  Safford : — It  is  suggested  by  the  Committee  that  the  word 
"conduits"   also  be   included — "conduits,   wires   lines   and   standards." 

Mr.  Kittredge : — Mr.  Baldwin  suggests  that  the  wording  should 
be  "capacity  in  cars,"  instead  of  "capacity  in  car  lengths." 

The    President: — I    think    the    Committee    will    accept    that. 

Mr.  Kittredge: — I  do  not  like  the  use  of  the  word  "standards;" 
"supports"   is  better. 

Mr.  Montzheimer : — It  seems  to  me  the  language  could  be  changed 
a  little  in  the  third  line,  where  it  now  reads,  "they  should  show  all 
main  and  sidetracks  and  their  alinement,  distance  between  them, 
capacity  in  cars,"  etc.  That  capacity  in  cars  refers  only  to  the  side- 
tracks,  whereas   as   it  is   given   it  might  apply  to   the   main   tracks. 

The    President: — What    suggestion    do    you    make? 

Mr.  Montzheimer : — I  think  it  should  read  capacity  of  sidetracks 
in  cars. 
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The    President: — I    think    it    will   be    so    understood. 

Mr.  Brooke : — It  seems  to  me  the  last  sentence  is  indefinite.  By 
chainage  numbers  and  plusses,  you  will  not  locate  a  building  unless  it 
is   right   on   the   line. 

(The  question  being  put  on  conclusion  i,  it  was  adopted.) 

The  Secretary: — "(2)  They  should  be  corrected  whenever  any 
changes  are  made  in  any  of  the  features  shown  thereon  and  a  corrected 
copy  sent  to  the  general  office  for  record." 

Mr.  Wendt : — It  seems  to  me  the  last  clause  should  be  omitted. 
The  Committee  first  announces  the  principle  which  should  be  followed, 
including  the  corrections  to  be  made,  and  then  states,  "and  a  corrected 
copy  sent  to  the  general  office  for  record."  On  some  railroads  the 
general  office  will  make  all  these  maps.  In  this  conclusion  the  refer- 
ence is  to  some  particular  organization.  It  seems  to  me  we  might 
announce  the  principle  and  let  that  other  matter  take  care  of  itself. 
I  would  ask  the  Committee  if  they  will  not  accept  this  wording 
for  No.  2.  Track  maps  should  be  kept  up  to  date  without  announcing 
the  principle,  but  we  are  now  considering  recammending  particulars 
of  practice,  and  the  statement  that  track  maps  should  be  kept  up  to 
date  is  inclusive. 

Mr.  Safiford : — The  Committee  thinks  that  is  hardly  emphatic 
enough.  The  idea  intended  was  that  a  good  deal  of  stress  should  be 
laid  on  the  importance  of  making  corrections  whenever  there  are  any 
changes.  We  see  no  objection  to  omitting  the  last  part  of  the  clause, 
as  applicable  to  the  smaller  lines,  where  there  is  only  one  organization. 

The  President : — The  Committee  consents  to  the  omission  of  the 
words  "and  a  corrected  copy  sent  to  the  general  office  for  record." 
As  amended   No.   2  will   be   adopted. 

The  Secretary: — "(3)  It  is  recommended  that  a  scale  of  100  ft 
to  the  inch  be  used  for  such  maps  except  in  territories  and  cities  ot 
large  industrial  development,  where  varying  scales  may  be  used  to  suit 
the  local  conditions." 

Mr.  McDonald : — I  think  we  can  drop  the  words  "and  cities" 
without  losing  anything. 

Mr.    Safford : — That   is   acceptable   to  the   Committee. 
The    Secretary: — "(4)     The   map    should   show   very   plainly   the    north 
point,  scale,  original  date  and  date  corrected." 

The  President: — Any  remarks? 

Mr.  Safford: — The  Committee  would  suggest  omitting  the  word 
"very." 

Mr.  McDonald : — In  regard  to  the  north  point,  is  that  specific 
enough?      Is    it    magnetic    reading? 

The  President: — Mr.  Safford  will  please  explain  further  for  the 
Committee. 

Mr.  McNab : — Does  that  refer  to  the  meridian  line? 

Mr.  Safford : — Yes,  sir. 
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Mr.  Atwood : — I  think  that  both  the  true  and  the  magnetic 
meridian   should  be   shown. 

Mr.  Safiford : — We  did  not  think  that  was  essential  in  the  track 
map. 

The    President: — Any    further    remarks    on    paragraph    4? 

Mr.  Kittredge : — I  did  not  understand  that  the  Committee  accepted 
the   substitution   of   the   word    "meridian"    for  north    point. 

Mr.    Safford : — I    did    not    understand    that    to   be    a    suggestion,    but 
we   would   accept   it   in   that    form. 
-    The   President: — Is    Mr.    Kittredge   asking   for    information? 

Mr.  Kittredge: — I  am  asking  for  information.  I  would  suggest 
that    the    Committee   make    that    substitution. 

The  President : — The  Committee  will  accept  that  suggestion.  No. 
4  is  adopted. 

The  Secretary: — "(5)  The  conventional  signs  adopted  by  the  Asso- 
ciation should  always  be  used  where  it  is  possible  and  convenient  to 
do  so." 

Mr.  Kittredge: — I  suggest  that  the  word  "always"  and  the  words 
"it  is,"  on  the  last  line,  be  stricken  out,  and  also  the  words  "to  do  so ;" 
it  would  then  read :  "The  conventional  signs  adopLed  by  this  Association 
should   be   used   where   possible    and    convenient." 

(Upon  vote  conclusion  5  was   adopted.) 

Mr.  Baldwin : — It  is  always  a  difficult  matter  to  have  the  division 
officers  of  any  character,  whether  division  engineers,  superintendents 
or  roadmasters,  keep  the  general  office  posted  as  to  details  of  the 
changes  made  in  maps.  The  only  sure  way  of  correcting  this  is  to 
have  stated  periods  in  which  corrected  maps  are  called  for.  In  con- 
clusio;i  2,  as  originally  arranged  by  the  Committee,  an  effort  was  made 
to  provide  for  this,  wherein  it  was  stated  that  a  corrected  copy  should 
be  sent  to  the  general  office.  That  is  not  going  to  be  done  if  it  is 
expected  a  corrected  copy  is  going  to  be  sent  in  every  time  there  is 
any  change,  and  it  occurs  to  me  it  would  be  well  if  that  was  made 
tc  read  this  way :  "And  at  stated  periods  a  corrected  copy  should 
be   sent   to   the   general   office    for    reference." 

The  President : — I  would  ask  whether  instead  of  saying  "general 
office,"   we  should   not   say,   "to   such   office   as   is   desirable?" 

Mr.   Baldwin: — Yes. 

The    President : — How   do   you   wish   to   have   that   stated  ? 

Mr. '  Baldwin : — "At  stated  periods  a  corrected  copy  be  sent  to 
the   proper   office." 

Mr.  McDonald : — "A  corrected  copy"  should  be  changed  to  read 
"corrected  copies."  I  wish  to  suggest  an  alteration  or  change  in  the 
definition,  the  word  "present"  having  l)C(-n  inserted  in  front-  of  the 
word  "physical,"  in  the  secor.d  line.  I  do  not  think  that  is  expressive.- 
I   think  it   should   be   "existing." 

The     President : — Mr.     McDonald's    suggestion     refers    to     the     tirst 
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definition.  The  Committee  accepts  that  suggestion.  Are  you  ready  for 
the  adoption  as  a  whole  of  the  conclusions  and  definitions  under  the 
head   of    "Track    Maps?" 

(A  vote  being  taken,  the  conclusions   and  definitions  were   adopted.) 

The  President : — The  matter  under  the  head  of  "Track  Maps"  is 
adopted. 

Mr.  McDonald: — I  would  like  to  ask  the  Committee  if  they  gave 
attention  to  the  question  whether,  on  these  maps,  on  a  scale  of  loo 
ft.  to  the  inch,  the  tracks  should  be  shown  in  double  lines  or  single 
lines? 

Mr.  Safiford : — We  did  not  give  that  any  discussion,  and  I  think 
it    would   be   proper   to   embody   that   in   the   conclusions. 

Mr.  McDonald : — I  differ  with  them  very  seriously  on  that  point. 
I  request  that  the  Committee  be  instructed  to  bring  in  a  recommenda- 
tion as  to  whether  tracks  on  a  scale  of  lOO  ft.  to  the  inch  should  be 
shown    in    double    or    single    lines. 

The  President : — The  Committee  will  take  tliat  into  account  and 
will    be    so    instructed. 

Mr.  Byers : — I  would  like  to  modify  that  suggestion  and  ask  the 
Committee  to  state  in  regard  to  what  scale  they  consider  it  best  to 
i;se  the   double  lines. 

Mr.    McDonald  : — I   accept  that. 

The  President: — The  discussion  on  the  track  maps  is  closed.  The 
Chair  will   ask  to   have  the   conclusions    i,  2  and   3   read. 

The  Secretary: — "(i)  The  adoption  of  form  M.  W.  1020.  to  be 
used    for    a    monthly    progress    statement    of    expenditures." 

The  President : — If  there  is  no  discussion,  we  will  consider  conclu- 
sion No.  I,  which  carries  with  it  the  adoption  by  the  Association  of 
form  M.  W.  1020.  entitled  "Monthly  Report  of  Expenditures  on 
Authorization,"   passed. 

The  Secretary :—" (2)  The  adoption  of  form  M.  W.  1014  as  a 
standard  method  for  recording  the  cost  of  individual  pieces  of  work, 
such  form  to  be  used  in  making  a  report  to  the  officer  in  charge  of 
the   department  doing  the  work." 

The  President: — The  Chair  announces  that  the  title  which  is 
omitted  should  be  "Record  of  Cost  of  Work."  The  Chair  would  also 
suggest  that  the  form  will  be  known  as  "Revised  Form  M.  W.  1014." 
The  question   is   on   the   adoption   of   "Revised   Form   M.   W.    1014." 

Mr.  Wendt : — Mr.  Chairman,  it  is  unfortunate  that  the  form,  which 
{=  already  printed  in  the  Manual,  was  not  also  printed  with  this  same 
report,  so  that  the  revised,  as  well  as  the  original,  form  should  be 
before  the  convention.  I  submitted  to  the  Committee,  within  the  last 
three  days,  a  form  which  is  different  from  this.  It  is  not  my  purpose 
to  make  any  motion,  but  the  form  which  I  submitted  is  constructed 
on  a  different  principle  from  that  which  forms  the  basis  of  this  re- 
vised  form,   and   I   think  the  convention   should   have   the  benefit  of  the 
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Committee's  views  on  the  question  as  to  the  advantages  of  the  re- 
vised form  over  the  original.  In  the  text  of  the  report  I  do  not  see 
any  statement  of  the  advantages  of  the  new  form  against  the  old,  and 
I   would    like   to   hear   about    it. 

The  President: — The  Chair  would  like  to  ask  Mr.  Wendt,  whose 
opinion  is  entitled  to  consideration  on  this  subject,  owing  to  his  con- 
nection as  chairman  for  several  years  with  the  Committee,  whether 
he  believes  this  form  1014,  now  reported  by  the  Committee,  is  suffi- 
ciently open  to  criticism  for  reconsideration,  or  whether  his  remarks 
are  more   with   a   view   to   clearing  the   situation. 

Mr.  Wendt: — This  subject  has  been  before  the  convention  for 
four  or  five  years.  During  the  past  three  years,  I  think,  this  Commit- 
tee settled  upon  a  scheme  of  reports  involving  certain  steps.  The 
first  step  in  the  prosecution  of  any  piece  of  work  is  the  preparation 
of  an  estimate,  which  must  be  approved  by  the  Chief  Engineer  or 
other  approving  officer.  That  is  followed  by  what  is  known  as  the 
executive  authorization  form,  which  is  a  blanket  authority  for  the  ex- 
penditure of  a  definite  sum  of  money.  The  next  step  is  the  appro- 
priation. This  appropriation  may  be  made  at  a  number  of  times,  so 
that  the  authorization  may  be  carried  out  with  twenty-five  appropria- 
tions, involving  twenty-five  steps.  After  having  executed  the  work,  or 
during  the  progress  of  the  work,  it  is  necessary  to  keep  up  the  record 
tc  show  how  the  bank  account  stands;  that  is,  is  there  any  money 
left  in  the  authorization?  That  is  the  basis  of  the  necessity  for  the 
Individual  Ledger  Account.  That  subject  has  been  a  bone  of  conten- 
tion here  for  several  years.  It  is  a  difficult  subject,  and  the  whole 
aim  of  the  Association  should  be  to  adopt  a  simple  system  which  will 
give  the  results  desired.  As  I  take  it,  this  form  1014  is  constructed 
on  the  principle  that  the  record  of  total  cost  is  the  point  at  issue.  My 
view  on  the  question  is  that  when  we  have  done  a  piece  of  work,  we 
desire  to  analyze  the  various  elements  of  the  work,  and  I  cannot  quite 
see  how  this  form  will  do  that.  It  may  do  so,  but  there  are  no 
figures  and  no  illustration.  In  analyzing  a  piece  of  work  we  want  to 
know  what  the  various  elements  cost,  the  foundations,  the  various 
,  parts  of  the  superstructure,  and  a  great  deal  of  work  is  done  by  com- 
pany forces.  It  is  necessary  to  analyze  that  work,  and  track  work 
must  be  entered  separately ;  so  that  it  seems  to  me  that  we  should 
have  various  vertical  columns,  with  headings,  such  as  "Track,"  for 
this  piece  of  work,  for  foundation,  superstructure,  etc.,  etc.  I  do  not 
quite  see  how  this  will  bring  out  those  results.  We  desire  a  simple 
system  that  will  be  complete  so  far  as  giving  the  essential  elements 
of  the  cost  of  work  is  concerned.  This  is  an  exceedingly  essential 
form  and,  as  I  say,  has  been  under  discussion  for  at  least  five  years. 
There  is  a  large  number  of  ideas  prevailing  in  the  minds  of  engineers 
as  to  what  this  really  means,  but  as  the  Committee  has  definitely 
settled  on   a   scheme  of   reports,    involving   estimates,   authorization    and 


RECORDS,  REPORTS  AND  ACCOUNTS.       693 

appropriation,  it  necessarily  follows  that  the  Individual  Ledger  Ac- 
count keeps  a  record  of  the  various  authorizations  and  appropriations. 
That  makes  this  the  last  step  in  the  scheme. 

The  President : — Mr.  Wendt,  as  I  understand  it,  the  new  revised 
form  M.  W.  1014  is  practically  the  same  as  the  previous  form  M. 
W.  roi4,  with  a  certain  amount  of  heading  work,  which,  in  the  other 
form,  is  left  entirely  blank.  Has  Mr.  Wendt  any  serious  objection 
to  Revised  Form  M.  W.  1014,  putting  it  on  the  same  basis  as  the 
original  M.  W.  1014,  being  a  revision  of  the  old  blank,  without  affect- 
ing the  general   principles,   at   the   present? 

Mr.  Wendt: — I  would  hke  to  correct  what  I  stated.  It  seems 
to  me  form  M.  W.  1014  crept  into  the  Manual,  which  was  published 
in  leaflet  form  about  a  year  and  a  half  ago,  and  last  year  it  was 
recommended  that  that  should  not  be  included ;  it  had  not  been  thor- 
oughly digested ;  so  I  think  the  old  form  should  not  be  considered 
at   all. 

The    President: — Has    Mr.    Wendt    a   motion   to    make? 

Mr.  Wendt: — I  prefer  not  to  make  a  motion,  because  the  Com- 
mittee necessarily  studies  these  matters  thoroughly,  but  I  do  think 
this  is  a  subject  on  which  the  convention  is  not  yet  ready  to  vote. 
If  seems  to  me  we  should  give  further  study  to  the  last  step  in  the 
scheme,   and   I   would   like   to   see   the  matter   studied   for   another  year. 

The  President: — Any  motion  to  that  effect?  If  not,  we  will  take 
a  vote  on  adopting  the  revised  form  M.  W.  1014  as  reported  by  the 
Committee. 

(Upon   vote.   Revised   Form   M.    W.    1014  was   adopted.) 

The  President : — The  Committee  suggests  that  form  M.  W.  1014 
is  an  improvement  of  the  older  form  merely  in  detail  and  spacing. 
We  will  take  up  No.  3  now,  provided  it  merits  consideration  to-day ; 
if  not,  it  should  be  referred  back. 

The  Secretary: — "(3)  Your  Committee  recommends  for  considera- 
tion, and,  if  possible,  approval,  a  suggested  change  for  form  M.  W. 
1017." 

Mr.  Safford : — It  was  felt  that  there  ought  to  be  more  space  on 
the  form  for  the  estimate  detail,  and  the  form  was  changed  to  enlarge 
that  portion.  It  was  felt  also,  in  view  of  the  fact  that  the  Interstate 
Commerce  Commission  has  recently  called  for  the  suggestions  of  th*> 
railroad  men  upon  the  subject  of  operating  classifications,  and  indicated 
that  they  would  listen  to  any  suggestions  that  were  made,  that  we 
could  consistently  leave  off  of  this  blank  any  reference  to  the  subject 
of  distribution  of  cost.  The  chances  are  that  will  not  be  settled  for 
many  years,  because  there  are  many  differences  of  opinion  and  the 
Commission  will  doubtless  make  some  change  in  the  classifications. 
We  therefore  decided  to  omit  that.  Outside  of  that  there  is  no 
difference   in   the   form  compared   with   form   M.   W.    1017. 
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The  President: — Mr.  Wendt,  you  have  studied  these  forms.  We 
would  be  glad  to  have   the   benefit   of  your   views. 

Mr.  Wendt : — The  staterrient  of  the  chairman  is  correct,  that  the 
Interstate  Commerce  Commission  has  not  yet  finally  approved  the 
classification  of  addition  and  betterment  expenditures;  nevertheless 
certain  railroads  are  using  that  classification,  and  in  the  preparation 
of  estimates  it  is  incumbent  upon  all  of  us  to  determine,  in  accordance 
with  a  suggested  classification,  the  proportion  of  cost  chargeable  to 
expenditures,  chargeable  to  betterments,  and  under  the  head  of  "Bet- 
terments"  there   are    some   thirty   or   forty   classifications. 

The  President : — I  would  suggest,  on  account  of  the  shortness  of 
the  time,  that  you  confine  yourself  to  the  argument  whether,  in  your 
mind,  it  is  proper  to  recommend  the  adoption  of  this  report  at  the 
present  time   or  hold  it   over   until   the   next   meeting. 

Mr.  Wendt: — In  my  judgment,  this  should  go  over  for  another 
year.  We  cannot  determine  at  once,  in  estimating  the  various  ele- 
ments of  cost  of  a  piece  of  work,  what  may  be  new  work  or  additions, 
what  may  be  betterments  or  what  may  be  renewals.  We  first  prepare 
an  estimate,  showing  the  total  cost  of  the  work ;  after  that  the  cost 
of  reproducing  existing  structures  and  roadway  is  estimated,  and 
the  relation  of  one  to  the  other  is  computed,  and  after  that  a  division 
i.T  made  between  operating  expenses  and  the  betterment  charge  is 
subdivided  to  whatever  may  be  the  proper  amount.  If  you  should 
have  to  charge  betterments  to  a  change  of  line,  certain  portions  would 
go  to  additional  main  tracks.  I  do  not  think  that  this  can  be  used 
in  that  way,  and  in  view  of  the  present  status  of  the  whole  subject  of 
charges  to  betterments  as  against  expenses,  it  seems  to  me  it  would  be 
better  to  wait  until  the  Interstate  Commerce-  Commission  had  finally 
approved   some  definite   classification. 

The  President : — Is  Mr.  Wendt  aware  that,  of  course,  in  the  mean- 
time that  older  form  1017  remains  published  as  recommended  prac- 
tice, and  whether  this  revised  form  does  not  improve  the  older 
form? 

Mr.  Wendt: — The  older  form  was  upon  the  principle  that  you 
first  estimated  the  total  cost  of  the  work  and  then  what  proportion 
of   the   total   was    chargeable   to    operation    and    betterments. 

Mr.  SafTord : — The  opinion  of  the  Committee  was  that  this  form 
should  be  put  into  use  because  it  could  be  applied  now  to  the  prepara- 
tion of  estimates  involving  betterments  and  additions  and  would  not 
conflict  with  any  changes  the  Commission  might  make  in  the  classifica- 
tion, and  the  report  was  modified  along  those   lines. 

The  President : — A  vote  will  be  taken  upon  conclusion  3  relative 
to   form    1017,   which   would   be   called   "Revised   Form   M.    W.    1017." 

(A  vote  was  taken  upon  conclusion  3,  and  the  conclusion  was 
adopted.) 
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To  the  Officials  and  Stockholders 
of  American  Railways. 


The  policy  of  Railway  Maintenance 
is  to  a  large  extenit  left  to  the  Chief  En- 
gineers and  Engineers  of  Maintenance 
of  Way,  whose  opinions  are  frequently 
formed  by  the  reports  of  the  Associated 
Engineers  of  the  country.  Whatever, 
therefore,  enters  into  these  published  re- 
ports influences  to  a  greater  or  less  exitent 
the  minds  of  every  principal  Engineer 
who  reads  them  or  hears  them  discussed. 

It  is  therefore  extremely  important 
that  whatever  matter  is  printed  in  any 
official  report  purpo^rting  to  be  the  de- 
cision of  so  great  and  influential  a  society 
as  the  American  Railway  and  Main- 
tenance of  Way  Association  should  be 
correct  in  every  particular  and  free  from 
the  bias  and  prejudice  of  one  individual 
or  a  few  who  may  be  charged  with  pre- 
paring such  report  and  its  printing. 

BULLETIN  96. 

Several  Engineers,  members  of  the 
of  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association 
have  called  our  attention  to  the  very 
remarkable  report  of  the  Committee  on 
Ties,  in  Bulletin  No.  96,  February,  1908, 
especially  to  Appendix  D,  on  pages  iq6 
to    129. 

Several  members  of  this  Committee 
disclaim  having  signed  or  authorized  this 
Appendix  or  even  to  have  seen  it  before 
it  had  beeen     printed     and     distributed. 


and  it  is  not  believed  to  have  been  au- 
thorized by  the  Committee,  but  to  have 
been  injected  into  the  Bulleltin  by  Her- 
man VonSchrenk  in  the  interest  of  his 
Tie  Preserving  business  at  St.  Louis. 

All  the  charges,  claims  and  reports 
which  have  been  injected  into  Bull'etin 
96  in  opposition  to  Caltalpa  planting,  have 
been  repeatedly  answered  and  the  object 
of  the  writers  exposed  in  Arbor icultu'-e, 
and  their  fallacy  disproved,  yet  Von 
Schrenk  has  reprinted  them  where  he 
thinks  they  may  do  the  most  harm. 

THE  OPPONENTS   TO   FOREST  PLANTING 

are,  in  the  main,  of  two  classes  in  Ameri- 
ca. The  indifferent,  usually  uninfoirm- 
ed  in  regard  to  forestry,  who  live  for  the 
present,  and  for  themselves,  caring  no- 
thing for  posterity  or  the  welfare  of  the 
nation.  This  class  is  numbered  in  the 
millions. 

But  another  class,  almost  entirely 
aliens,  highly  educated  in  European  for- 
est methods,  clinging  exclusively  to  for- 
eign methods  of  treatment  and  to  the 
trees  with  which  they  are  familiar  in  the 
old  world,  ignoring  American  trees  and 
no!t  broad  minded  enough  to  investigate 
American  methods  which  are  specially 
adapted  to  existing  conditions  in  the 
new   world. 

Fortunately  this  class  is  confined  to  a 
possible  score  of     individuals,     yet     the 
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vast  damage  which  they  do  is  measured 
by  their  prominence  and  recognized  abih  ■ 
tv  in  certain  hnes. 

Uob  IngersoU  was  able  by  his  great 
education  and  power  as  a  writer  and 
speaker  to  overthrow  all  the  good  which 
a  hundred  earnest,  able  ministers  of  the 
gospel  could  acco'mi^lish,  and  thus  these 
ardent  professors  by  their  virulent  oppo- 
sition have  done  incredible  injury  to  the 
cause  of  arboriculture  in  the  country  of 
their  adoption. 

A  MOST  DIFFICULT  TASK. 

Probably  the  endeavor  to  induce  a 
proper  recognition  of  the  value  of  the 
forests  Oif  one's  country,  their  importance 
to  our  manufactures,  their  climatic  con- 
trol, their  necessity  for  the  well  being 
of  every  citizen  and  prosperity  of  the  na- 
tion, is  one  of  the  most  difficult  tasks 
that  any  earnest  and  consciencious  per- 
soin  can  undertake,  while  to  induce  the 
planting  of  foresits  which  must  require 
several  years  to  become  available  for 
man's  use,  is  the  most  thankless  part  of 
forestry. 

Yet  during,  the  past  thirty  years,  ow- 
ing to  the  obstructions  placed  in  his  way, 
the  editor  of  Arboriculture  has  been 
obliged  to  spend  one-third  of  his  time  in 
refuting  pernicious  statements  made  by 
forestry  teachers  whose  narrow  vision 
prevented  their  grasping  at  great 
thoughts  of  national  importance  in  for- 
estry. 

Ph.  D.  too  often  characterizes  a  man 
a  book  scholar  without  the  ability  to  un- 
derstand nature  or  practical  methods. 

DEMETRIUS,  THE  SILVERSMITH,  STIRS  UP 
A  RIOT.— Acts  19,  24,  26  and  27. 

"For  a  certain  man  named  Demetrius, 
a  silversmith,  who  made  silver  shrines  of 
Diana,  brought  no  little  business  unto  the 
craftsmen ;  whom  he  gathered  together 
with  the  workmen  of  like  occupation  and 
said,  'Sirs,  ye  know  that  by  this  business 
we  have  our  wealth.  And  not  only  is 
there   danger  that   this,   our  trade   come 


into  disrepute;  but  also  that  the  temple 
of  the  great  goddess  Diana  be  made  of  no 
account,  and  that  she  should  even  be  de- 
posed from  her  magnificence  whom  all 
Asia   and   the    world    worshipeth.' " 

The  individual,  who,  for  solely  selfish 
reasons,  in  order  to  protect  and  build  up 
his  own  private  trade  or  craft,  endeavors 
to  tear  down  the  work  of  patient, 
thoughtful  persons  wdio  have  devoted 
their  lives  and  energies  and  whatever  of 
talents  they  may  possess  to  benefit  their 
fellow  men  and  posterity  and  for  the 
good  of  the  nation,  is  unwortthy  the  re- 
spect and  confidence  of  those  who  have, 
unwisely  it  ma)-  be,  placed  them  in  a 
position  where  he  could  do  so  great  mis- 
chief. 

Here  is  a  man  whose  occupation  is 
the  chemical  treatment  of  ties.  He  has 
succeeded  in  becoming  the  chairman  of  a 
sub-committee  on  ties  of  the  Engineers 
Association,  although  not  a  railway  en- 
gineer, and  by  virtue  of  his  position  has 
injected  into  this  Bulletin  No.  96  an  en- 
tire article  copied  from  a  periodical 
known  to  be  antagonistic  to  forest  culture 
especially  to  the  Catalpa,  which  article 
is  a  tissue  of  misrepresentations  which 
have  been  frequently  refuted  in  Arbori- 
culture. 

Were  the  Catalpa  sufficiently  abun- 
dant to  supply  cross  ties  no  artificial  im- 
pregnation would  be  required ;  hence,  he 
endeavors  to  prevent  the  growing  of 
catalpa  timber  in  order  that  his  private 
business  of  treating  wood  may  be  for- 
warded. 


During  the  past  few  months  all  the 
nut  nurseries  have  been  actively  engaged 
in  grafting  pecan  stock  and  reports  indi- 
cate a  large  increase  in  the  number  set. 

A  few  years  ago  the  large,  thin  shel- 
led nuts  were  eagerly  sought  for  propa- 
gating purposes.  Now  the  tendency  is 
to  find  nuts  of  medium  size,  with  plump 
kernals,  that  are  produced  by  trees  which 
bear  regularly  and  abundantly. 


REPORT  OF  COMMITTEE  NO.  III.— ON  TIES. 

(Bulletin    96.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Ties  has  held  two  meetings  during  the  year,  in 
addition  to  the  meetings  of  its  sub-committees. 

One  of  the  subjects  assigned  the  Committee  for  consideration  was 
the  investigation  of  the  causes  of  failure  of  ties — whether  from  decay, 
wear  or  spike-cutting.  After  conferring  with  the  Compiittee  on  Track, 
the  following  circular  was  issued  to  about  two  hundred  and  fifty  mem- 
bers of  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association : 

"In  connection  with  the  work  assigned  to  the  Committee  on  Cross- 
Ties,  certain  information  is  desired  for  the  purpose  of  formulating  the 
next  report  to  the  Association. 

"The  addresses  of  persons  who  can  give  detailed  information  or 
sources  where  additional  data  on  either  of  the  subjects  can  be  obtained 
will  be  appreciated. 

"Information  is  desired  relative  to  the  causes  of  cross-tie  failures 
based  on  personal  observation.  In  replying,  please  state  kind  of  timber 
used,  and  for  each  kind  of  timber  used  please  give  information  on  the 
following  points: 

"(a)     What   proportion   of   ties    fail   on   account   of   decay? 

"(b)     What   proportion   of  ties   fail   by   rail  cutting? 

"(c)     What  proportion  of  ties  fail   by  spike  cutting? 

"(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item? 

"(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cut- 
ting, and  if  so,  how? 

"(f)     What  kind   of  treated  ties  have  you   in  track? 

"(g)  Please  furnish  statement  giving  the  number  and  kind  of 
treated  ties  placed  in  track  each  year;  also,  number  removed  each  year, 
and  kind   of  treatment. 

"(h)     Life  of  ties  treated. 

"(i)     Life  of  untreated  ties." 

Replies  to  this  circular  have  been  received  from  thirty  members 
There  is  great  variation  in  the  data  given.  The  following  conclu- 
sions,  however,   might   be   drawn   from   the   replies : 
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(a)     What  proportion  of  ties  fail  on  account  of  decay? 

White  oak  75  per  cent,  to  98  per  cent.;  other  timber  from  25 

to   90   per   cent. 
(&)     What  proportion  of  ties  fail  by  rail  cutting? 

(c)  What  proportion  of  ties  fail  by  spike  cutting? 

White  oak  from  2  per  cent,  to  25  per  cent.;  other  timber  from 
10  per  cent,  to  75  per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item? 

Spike  cutting  and  rail  cutting  constitute  a  large  item  on  pine, 

chestnut,  cedar,  cypress,  gum  and  similar  timber. 
{e)     Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 

and  if  so,  how? 

Yes;  by  the  use  of  tie-plates, 
(i)     Life  of  untreated  ties? 

White   oak,   7  to   12  years;    pine,   5    to  8  years;   chestnut,   8j4 

years ;    cedar,    15   years ;    tamarack,    5    to   6  years ;    hemlock,    5 

years ;   cypress,  7   to   9  years. 

In  the  endeavor  to  secure  some  conclusion  of  value  from  the  replies 
the  Committee  has  taken  an  average  of  all  the  replies  and  finds  that 
in  the  judgment  of  these  members  about  87  per  cent,  of  our  first-class 
tie  timber  is  destroyed  by  decay,  and  about  67  per  cent,  of  the  softer 
woods  fail  from  the  same  cause.  About  10  per  cent,  of  the  better 
woods  fail  by  rail  cutting  and  9  per  cent,  by  spike  cutting.  It  is  quite 
evident  the  two  latter  causes  of  failure  are  very  small  compared  to 
decay,  and  the  urgent  necessity  for  the  adoption  of  preservative  treat- 
ment is  emphasized. 

Believing  the  replies  are  worthy  of  record,  we  reprint  them  in 
Appendix  A  to  this   report. 

There  has  been  great  need  for  standardized  methods  of  analyzing, 
coal-tar  creosote  and  of  determining  the  amount  of  zinc  chloride  in 
wood  treated  with  that  material.  In  Bulletin  No.  65  such  methods  were 
proposed  by  Messrs.  Von  Schrenk,  Fulks  and  Kammerer.  They  have 
been  the  subject  of  much  discussion  and  have  had  the  careful  consid- 
eration of  this  Committee  for  several  years.  We  now  recommend  that 
these  methods  of  analysis  as  corrected  and  reprinted  in  Appendices 
B  and  C  be  adopted  by  the  Association.  A  paragraph  relating  to  the 
determination  of  the  low-boiling  tar  acids  and  naphthalene  has  been 
added  to  the  method   for  creosote   analysis. 
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The  Committee  is  not  prepared  at  this  time  to  present  any  new 
matter  on  the   steel   and   concrete   tie   question. 

The  question  of  a  review  of  the  future  tie  supplies  and  the  effect 
of  forest  planting  thereon  was  referred  to  a  sub-committee,  of  which 
Dr.  Von  Schrenk  was  chairman.  We  submit  this  review  for  the  careful 
consideration  of  the  members,  presenting  it   in  Appendix  D. 

For  the  past  three  years  there  has  been  much  discussion  in  the  con- 
vention over  the  desirability  of  the  adoption  by  the  Association  of 
standard  sizes  of  ties.  The  Committee  has  consistently  opposed  it  as 
inadvisable  and  useless ;  but  during  the  last  year  the  matter  was  sub- 
mitted to  a  letter-ballot  to  secure  a  full  and  considerate  expression 
from  the  membership.  The  result  was  io6  votes  against  and  68  votes 
for  the  adoption  of  any  standards. 

In  answer  to  the  question  as  to  the  probability  of  the  use  of  such 
standard  sizes  by  the  railroads,  if  adopted  by  this  Association,  there 
were  32  affirmative  and  89  negative  votes. 

It  is  to  be  hoped  this  settles  the  question  for  some  years  to  come. 

The  Committee  disclaims  any  disposition  to  favor  small  ties  or  to 
lessen  the  demand  for  a  belter  support  for  our  tracks.  It  is  simply 
a  question  of  expediency  as  to  the  Association  adopting  a  tie  which 
most  of  our  roads  cannot  obtain  or  discouraging  the  eflforts  of  the 
especially  favored  ones,  to  improve  on  past  practice.  Like  the  tariff, 
in  the  mind  of  a  former  presidential  candid^ite,  it  is  a  local  question, 
and  each  road  must  settle  it  for  itself. 

Your  Committee  is  compiling  some  additional  information  on  the 
life  of  treated  ties,  and  has  endeavored  to  ascertain  the  total  number 
of  such  ties  used  during  the  past  year.  In  order  to  bring  these  reports 
down  to  January  ist,  it  has  been  necessary  to  allow  this  report  to  be 
printed  before  all  this  information  can  be  secured.  This  data  will  be 
presented  to  the  Association  in  a  subsequent  Bulletin  after  the  con- 
vention  as   a  matter   of  information. 

In  Appendix  E  is  given  what  is  believed  to  be  a  complete  list  of 
all  wood-treating  plants  in  the  United   States   and   Mexico. 
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CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  conclu- 
sions : 

(i)  That  the  nicthivd  for  analysis  of  coal-tar  creosote  be  approved 
as  good  practice. 

(2)  That  the  method  for  the  determination  of  zinc  in  treated  tim- 
bers be  approved  as  good  practice. 

Respectfully    submiltcd, 

E.    B.   CusHiNG,   General   Superintendent,   Morgan's   Louisiana   &  Texas 

Railroad,  New  Orleans,  La.,  Chairman. 
VV.  W.  Curtis,  Consulting  Engineer,  Chicago,  Viee-Chairman. 
E.  G.  Ericson,   Principal  Assistant  Engineer,   Pennsylvania  Lines,   Pitts- 
burg, Pa. 
E.  O.  Faulkner,  Manager  Tie  &  Timl)er  Department,  Santa  Fe  Railway 

System,  Topeka,   Kan. 
W.   F.    II.   FiNKE,    Tie   and   Timber    Agent,    Southern    Ry.,   Washington, 

D.  C. 
E.   E.  Hart,  Chief  Engineer,  New  York,  Oiicago  &  St.   Louis  Railway, 

Cleveland,  O. 
J.  D.  Isaacs,  Consulting  Engineer,   Ilarriman  Lines,  Chicago,   111. 
H.   C.   Landon,  Engineer   Maintenance  of  Way,   Buffalo  &   Susquehanna 

Ry.,  Galeton,  Pa. 
A.     S.    More,    Engineer    Maintenance    of    Way,    Cleveland,     Cincinnati, 

Chicago    &    St.    Louis    Railway,    Wabash,    Ind. 
J.  C.  Nelson,  Eng.  M.  of  Way,   Seaboard  Air  Line,  Portsmouth,  Va. 
Dr.    Hermann   Von    Schrenk,   Consulting    Timber    Engineer,    St.   Louis, 

Mo. 
H.   J.    Simmons,   General    Manager,    El    Paso   &    Southwestern    Railway, 

El  Paso,  Texas. 

Committee. 


AriM.NDiciis  TO  KiJ'oiM   ON  'rii,-,. 


(A)     AI'.S'IKAC'I     ()|-    l<l':('f-ll':.S    KKCKIVI'.IJ    IN    KICSI'ONSE   TO 
QUI'S'IIONS    CON'IAINI-:!)    IN    CIKCUi.AK    OF    AUfJUST 

6,  1907. 

Maurice  ('<>\>un\,    iMif^iiicfr    MaiiitcMiancc  of  Way,   Vaiulalia   Line: 

(a)      What  i)ro|)(ji(i')ii   f;f   tics   fail   on   afoniit    of  i]<<::iy'f      I'ractiraily 

all. 
(i)      What  kind  of  treated  ties  have  you  in  track?     Practically  none 
(i)      Life   of  untreated   tics?     Eight   years. 

F.  W.  Green,  General  Superintendent,  I^uisiana  /t  Arkansas  Railway: 

(a)  What    ftrofiorlioM    of    tics    fail    on    acronnl    of    decay?      60    per 
cent. 

(b)  What    proportion   oi   ties    fail    hy    rail    cutting?     None. 

(c)  What  propr>rtion   of  tics  fail  by   spike  cutting? ?     40  per  cent, 

(d)  On  what  kind  of  lies  docs  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?     All   wood  ties. 

(e)  Have  you  succeeded  in  overcoming.  thi:s  rail  and  spike  cutting, 
and  if  so,  how?    Tie-plates  reduce  the  loss  50  per  cent. 

(f)  What  kind  of  treated  tics  have  you  in  track?     None, 
(i)     Life  of  untreated  tics?     White   oak  species,  five  years. 

F.   S,   Stevens,   Superintendent,   Philadelphia  &  Reading  Railway: 

(a)  What  proportion  of  ti's   fail   on   account  of  decay?     About   Hf) 
per  cent. 

(b)  What    proportion    of   tics    fail    by    rail    rutting?      About    10    per 
cent. 

(c)  What  proportion   of   ti's   f.iil    by   spike  cutting?     About    to  ^er 
cent. 

(d)  On  what  kiii'l   of  ti's   do's  rail   cutting   and   spike   cutting   con 
stitute  a  large  item?     Chestnut  ties. 

(e)  Have    you    succeeded    in    overcoming    this    rail    and    spike    cut- 
ting, and  if  so,  how?     The  use  of  tie-plates  helps  very  much. 

Job   Tiithill,    Engineer   of    Bridges   and    Huildings,    Pcrc   Marf|uctte    Kail- 
road  : 

(a)  What   proportion   of  ties   fail  on  account  of  decay?      Oak   and 
hemlock  90  per  cent. ;  cedar  25  per  cent. 

(b)  What  proportion   of  ties   fail   by   rail    cutting?     Cedar   75   per 
cent. ;  others   10  per  cent. 

(c)  What   proportion  of  tics   fail   by   spike'  cutting?     Very   few. 
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(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?     Cedar  ties. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Largely  by  the  use  of  tie-plates. 

(f)  What  kind  of  treated  tics  have  you  in  track?     None. 

G.  A.  Harwood,  Chief  Engineer,  Electric  Zone,  N.  Y.  C.  &  H.  R.  R.  R. : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    99  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     Practically  none. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     i  per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?     Soft  wood  ties. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?  Rail  cutting  is  remedied  by  the  use  of  tie- 
plates.     Some  experiments  are  being  made  with  screw   spikes. 

C  A.  Wilson,  Chief  Ejigineer,  Cincinnati,  Hamilton  &  Dayton  Railroad: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  Oak,  98 
per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  Oak,  ij^  per 
cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  Oak,  ^2  per 
cent. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and   if   so,   how?     Yes;   by   the   use   of   tie-plates. 

F.  H.  Koppes,  Assistant  Division  Engineer,  Baltimore  &  Ohio  Railroad : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    90  per  cent. 

(b)  What  proportion  of  ties  fail  on  account  of  rail  cutting?  6 
per  cent. 

(c)  What  proportion  of  ties  fail  on  account  of  spike  cutting?  4 
per  cent. 

(d)  On  what  kind  of  ties  does  this  rail  cutting  and  spike  cutting 
constitute  a  large  item?    Red  oak  and  cedar. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Have  succeeded  in  reducing  it  with  tie-plates. 

Chas.  S.  Churchill,  Chief  Engineer,  Norfolk  &  Western  Railway: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  Approxi- 
mately 90  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  and  spike  cutting?  Ap- 
proximately   10  per  cent. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?  By  use  of  oak  ties,  tie-plates  on  curves  and 
with  tie-plugs. 

(i)  Life  of  ties  untreated?  General  average,  white  oak  and  chest 
nut,  8J4  years. 


TIES.  701 

W.  L.   Breckinridge,   Engineer,   Chicago,  Burlington  &  Quincy  Railway: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  Approxi- 
mately 90  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  and  spike  cutting?  We 
are  using  tie-plates  to  prevent  rail  cutting  and  track  spreading 
where  it  occurs  on  cedar  and  other  soft  wood  ties. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?     Cedar  and  other  soft  wood  ties. 

(e)  Have  you  succeeded  in  overcoming  this  rail  cutting  and  spike 
cutting,  and  if  so,  how?     Yes;  by  the  use  of  tie-plates. 

(f)  What  kind  of  treated  ties  have  you  in  track?     Chloride  of  zinc. 

(g)  Please  furnish  statement  giving  the  number  and  kind  of  treated 
ties  placed  in  track  each  year;  also,  number  removed  each 
year,  and  kind  of  treatment  used :  Put  in  500,000  per  year  for 
about  six  years.  None  of  these  have  been  taken  out  from 
decay. 

(i)  Life  of  untreated  ties?  From  five  years  for  pine  to  ten  years 
for  white  oak. 

J.  B.  Berry,  Chief  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  Depends 
on  the  kind  of  timber  and  whether  treated  or  not.  About  90 
per  cent,   fail   from   decay. 

(b)  What  proportion   fail  by   rail   cutting?     Have  no   data. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     Have  no  data. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?  On  various  soft  woods — as  pine  and  cedar. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Yes;  largely  by  the  use  of  tie  plates. 

(f)  What  kind  of  treated  ties  have  you  in  track?    Chloride  of  zinc. 

B.  A.  Worthington,   First  Vice-President,   Wheeling  &  Lake   Erie  Rail- 
road: 

It  is  practically  impossible  to  arrive  at  any  reasonably  close 
approximation  as  to  the  per  cent,  of  ties  failing  from  decay, 
from  rail  and  spike  cutting.  Hewed  pole  ties,  cut  from 
young,  vigorous  white  oak  trees,  are  net  liable  to  the  above- 
mentioned  injuries  as  quick  as  sawed  flitch  ties  cut  from 
old  timber  or  if  the  wood  is  of  the  usual  character.  No  tie 
failures  from  tie  being  cut  by  rail,  if  tie-plates  of  proper  di- 
mensions  are   used   and  track  is  properly  drained. 

We  hav^  used  red  oak  ties  treated  by  the  zinc  process  for 
cnly  one  year,  which  is  too  short  a  time  to  judge  as  to 
merits.  However,  we  have  observed  one  thing  in  connect'on 
with  treated  ties  which  is  objectionable;  that  is,  if  track  is 
centerbound,   tie    is   liable   to   break,    which    indicates   that   the 
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wood    is    extreme!}-    brash.      Ties    should    not    be    tamped    on 
center    but    at    shoulders. 
(i)     L.^e  of  untreated  ties?     Life  of  native  white  oa'.  tie  is  about 
12  years. 

J.    E.    Willoughby,    Engineer    of    Construction,    Louisville    &    NashviMe 
Railroad : 

Th.;  following  information  was  given  by  two  of  Mr.  Wil- 
loughby's    Roadmasters : 

(C.  W.   Harris): 

(a)  What  proportion  of  ties  fail  on  account  of  decry?  About  70 
per  cent. ;  it  depends  on  the  kind  of  ballast  used.  Ties  on 
rock  ballast  will  last  one  year  longer  than  on  gravel  ballast, 
and  one  year  longer  on  gravel  than  on  slag.  Ties  used  on 
cinder  ballast  will  not  last  as  long  by  two  years  as  they  wi'l 
on  gravel  ballast.  Life  of  tie  on  cinder  ballast  is  from  four 
to  five  years;  on  gravel  ballast,  five  to  six  years,  and  on  rock 
ballast,  six  to  seven  years,  depending  a  great  deal  on  the 
tonnage  passing  over  same. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  On  curves  of 
6"   and  over,  40  per   cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  About  25 
per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?  Chestnut,  pine,  tamarack,  cypress  and 
cedar.  White,  post  and  chestnut  oak  carry  the  travel  fairly 
well. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?  Yes;  by  the  use  of  good  tie-plates.  Tie- 
plates  not  only  prevent  ties  from  rail  cutting,  but  also  hold 
rails  in  proper  place  and  save  turning  over,  making  life  of 
rail  on  curves  at  least  one  year  longer. 

(W.  G.   Brown)  : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  Pine  ties, 
100  per  cent. ;  cypress,  25  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  Cypress,  65  per 
cent.     Have  never  yet   seen  it  necessary  to  remove   a  pine  tie 

for   rail  or   splice   cutting   on   this   division. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  Cypress,  10 
per   cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?  Cypress  ties.  In  seven  years  on  my 
sub-division    all    of   our   cypress    ties   that    had    lo   be    removed 
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'  were    removed    on   account    of   adzing   made   necessary   by    rail 

and   spike   cutting. 
(e)     Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Largely  by  the   use  of  tie-plates. 

A.    L.    Kuehn,    Superintendent    of    Maintenance,    Cleveland,    Cincinnati, 
Chicago   &    St.    Louis   Railway : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  About  75 
per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  About  10  per 
cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  About  10  per 
cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?     Cedar,  chestnut,  pine  and  gum   (treated). 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?  Not  entirely.  Under  90-lb.  rail,  with  a  S^/s- 
in.   base,  rail   cutting  is   greatly   diminished.     Tie-plates   help. 

(f)  What  kind  of  treated  ties  have  you  in  track?  Red  oak,  water 
oak,  black  oak,  beech,  maple,  elm,  gum  and  hickory ;  treated 
with   creosote. 

(h)     Life   of   treated   ties?     Estimated    at    from    fifteen    to    eighteen 

years, 
(i)     Life  of  untreated  ties?     Seven  years. 

E.    B.    Cushing,    General    Superintendent,    Morgan's    Louisiana    &    Texas 
Railroad : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    88  per  cent. 

(b)  What  proportion  of  ties   fail  by  rail  cutting?     7  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     5  per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute  a   large   item?     On   none   that   we   use. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Partly  by  the  use  of  tie-plates. 

(f)  What  kind  of  treated  ties  have  you  in  track?  "Creosoted" 
and    "Burnettized." 

(i)  Life  of  untreated  ties?  Cypress,  7  to.  9  years;  heart  pine,  5 
to  7  years. 

C.    H.    Ewing,   Engineer    Maintenance   of   Way,    Philadelphia   &   Reading 
Railway : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    70  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     20  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     10  per  ^cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?     Yellow  pine  and  all  other  soft  wood  ties. 
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(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how  ?  Yes ;  by  the  use  of  properly  designed  tie- 
plates. 

H.    R.    Safford,    Chief    Engineer    Maintenance    of   Way,    Illinois    Central 
Railroad : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?     95  per  cent. 

(b)  What   proportion  of  ties  fail  by  rail  cutting?     2^/2   per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     2^  per  cent. 

(d)  On  what  kind  of  ties  does  this  rail  cutting  and  spike  cutting 
constitute  a  large  item?     Cypress  ties. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and   if  so,   how?     Yes;   by  the   use  of   tie-plates. 

(f)  What  kind  of  treated  ties  have  you  in  track?  Red  oak,  chest- 
nut,  yellow   pine  and   beech. 

(i)     Life   of  untreated   ties?     Six  to   ten   years. 

J.    O.    Osgood,   Chief   Engineer,   Central   Railroad  of   New   Jersey: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  20  per 
cent,  to  85  per  cent. ;   depending  largely  on  local  conditions. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  15  per  cent,  to 
80   per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  15  per  cent,  to 
80  per  cent. 

Note. — The  high  percentages  in  the  above  two  answers  apply 
to  places  where  the  traffic  is  heavy  and  the  ballast  poor. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?  Yellow  pine  and  chestnut  where  no  tie- 
plates   are   used. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and   if  so,  how?     Yes;   by  the  use  of  tie-plates. 

(f)  What  kind  of  treated  lies  have  you   in  track?     Creosoted. 

(i)  Life  of  untreated  ties?  Yellow  pine,  6  "to  8  years  without  tie- 
plates,  8  to  9  years  with  tie-plates ;  white  oak,  8  to  10  years 
without  tie-plates,  10  to  12  years  with  tie-plates.  However, 
some  white  oak  ties   do  not  last   longer  than  pine  ties. 

B.    A.    Wood,   Resident   Engineer,    Mobile   &   Ohio   Railroad: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  White  or 
post  oak,  75  per  cent. ;  yel'ow  pine,  50  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  White  or  post 
oak,  25  per  cent.;  yellow  pine,  50  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  Same. as  answer 
for    (b). 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and   if   so,   how?     Have  not   overcome   it. 
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(i)  Life  of  untreated  ties?  Oak,  7  to  8  years;  pine,  5  to  6  years; 
and  have  known  a  longleaf  yellow  pine  tie  to  last  23  years. 

Hunter  McDonald,   Chief  Engineer,  Nashville,   Chattanooga  &   St.   Louis 
Railway : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  100  per 
cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  None  where  tie- 
plates  are  used.  We  use  one  tie-plate  on  every  tie  on  curves 
of  I  degree  or  over,  on  tangents  where  much  sand  is  used  and 
on    road    crossings    and   bridges. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     Not  very  many. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute  a    large    item?      Cannot    say. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cuttuig, 
and  if  so,  how?  Yes;  by  the  proper  use  of  tie-plates  at  the 
points  mentioned  in  answer  to  question    (b). 

H.  J.   Pfeifer,  Engineer  Maintenance  of  Way,  Terminal  Railroad    Asso- 
ciation of   St.  Louis: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  100  per 
cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     Very  few,  if  any. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  Very  few, 
if  any. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting 
constitute  a  large  item?  These  two  causes  do  not  form  a 
large  item  in  failures. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and   if   so,    how?     Yes;    by  the    liberal    use   of   tie-plates. 

(i)  Life  of  untreated  ties?  Probably  from  7  to  8  years;  that  is, 
white  oak  ties,   which  are  the  kind  we  use  on  our   lines. 

J.   F.    Burns,    Roadmaster,   Louisvi'le   &   Nashville    Railroad: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?     70  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     20  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     10  per  cent, 
(e)     Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 

and  if  so,  how?     Yes;   largely  by  the  use  of  tie-plates. 
'  (i)     Life   of  untreated   ties?     White    oak   on   rock  ballast,  8  years; 
in   cinders,   7   years. 

J.  B.  Austin,  Jr.,  Engineer  Maintenance  of  Way,  Long  Island  Railroad: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    6"]  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     16  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     16  per  cent. 

23 
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(d)  On  what  kind  of  ties  does  this  rail  cutting  and  spike  cutting 
constitute  a  large  item?     Mixed  oak,  yellow  pine  and  chestnut. 

(e)  Have  you  succeeded  In  overcoming  this  rail  and  spike  cutting, 
and   if  so,  how  ?     Yes ;   largely   by  the  use  of  tie-plates. 

(f)  What  kind  of  treated  ties  have  you  in  track?     Sap  yellow  pine, 
(i)     What  is  the  life  of  untreated  ties?     Mixed  oak,  4  to  5  years; 

yellow  pine,  6  to  8  years;  white  oak  and  chestnut,  10  to  15  years. 

J.  M.  Floesch,  Chief  Engineer,  Buffalo,  Rochester  &  Pittsburgh  Railway: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    95  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     3  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     2  per  cent. 

(d)  On  what  kind  of  ties  does  this  rail  cutting  and  spike  cutting 
constitute  a  large  item?  Yellow  pine,  cedar;  also,  oak  ties 
on   curves. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?  Have  succeeded  by  use  of  tie-plates  on 
curves  and  switch  leads  and   on  soft  wood  ties   on  sidetracks. 

(i)  Life  of  untreated  ties?  West  Virginia  oaks,  10  years;  yellow 
pine,  8  years. 

G.  L.  Sands,  Vice-President,  Missouri  &  North  Arkansas  Railroad : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?     75  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?     15  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     10  per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute  a   large   item?     Mixed   oak  and   soft   woods. 

(e)  'Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 

and  if  so,   how?     Not   to  any   great   extent, 
(i)     Life    of    untreated    ties?      White    oak,    6   years;    mixed    oak,    3 
years. 

George   W.   Kittredge,   Chief   Engineer,    New    York   Central    &    Hudson 
River   Railroad : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?  Yellow 
pine,  90  per  cent. ;  oak,  95  per  cent. ;  chestnut,  95  per  cent. ; 
cedar,  60  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail  cutting?  Yellow  pine,  6 
per  cent.;  oak,  3  per  cent*.;  chestnut,  3  per  cent.;  cedar,  3 
per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?  Yellow  pine, 
4  per  cent. ;  oak,  2  per  cent. ;  chestnut,  2  per  cent. ;  cedar,  10 
per  cent. 

(d)  On  what  kind  of  ties  does  this  rail  cutting  and  spike  cutting 
constitute    a    large    item?      Cedar. 
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(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Partially  by  the  use  of  tie-plates. 

(i)  Life  of  untreated  ties?  Yellow  pine,  7  to  8  years;  oak,  7  to 
8  years;   chestnut,  5  to    j  years;  cedar,   10  to   12  years. 

L.    Bush,   Chief   Engineer,   Delaware,   Lackawanna  &   Western   Railroad : 

(a)  What  proportion  of  ties  fail  on  account  of  decay?   70  per  cent. 

(b)  Wh;  t   proportion   of  ties   fail   by  rail   cutting?     20  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     10  per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute  a  large   item?     Principally  chestnut. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?     Yes;  by  the  use  of  tie-plates. 

Pennsylvania   Lines    West   of   Pittsburg: 

(a)  What  proportion  of  ties  fail  on  account  of  decay?    85  per  cent. 

(b)  What  proportion  of  ties  fail  by  rail   cutting?     10  per  cent. 

(c)  What  proportion  of  ties  fail  by  spike  cutting?     5  per  cent. 

(d)  On  what  kind  of  ties  does  rail  cutting  and  spike  cutting  con- 
stitute a  large  item?  Figures  given  above  refer  to  white  oak 
ties,   which  is  the  only  kind  we   use  to   any  extent. 

(e)  Have  you  succeeded  in  overcoming  this  rail  and  spike  cutting, 
and  if  so,  how?  Yes;  by  the  use  of  tie-plates.  We  use  tie- 
plates  on  all  curves  and  switch  leads  and  at  all  other  points 
where  experience  shows  that  the  ties  are  destroyed  by  mechan- 
ical  wear. 

(f)  What  kind  of  treated  ties  have  you  in  track?  Beech  by  the 
Reuping  process;  hemlock,  beech  and  red  oak  by  the  zinc  tan- 
nin, and  shortleaf  pine  and  red  oak,  creosoted.  Modified 
creosoting. 

(i)     Life  of  untreated  ties?     White  oak  averages  about  9  years. 


(•B)     SPECIFICATIONS   FOR   ANALYSIS    OF    COAL-TAR 
CREOSOTE. 

Sample. — In  view  of  the  fact  that  everything  depends  upon  the 
sample  taken  for  analysis,  too  much  care  cannot  be  used  to  make  sure 
that  such  samples  are  strictly  average  ones  of  the  whole  bulk  of  the  oil. 

To  this  end  the  oil  should  be  completely  liquefied  and  well  mixed 
before  any  samples  are  taken.  Wherever  possible  a  drip  sample  of  not 
less  than  two  gallons  should  be  taken,  commencing  after  the  oil  has 
started  to  run  freely.  Where  this  cannot  be  done,  as,  for  instance,  in 
large  s'.orage  tarvks,  samples  should  be  taken  from  various  depths  in 
the  tank,  by  means  of  a  tube  or  bottle,  the  number  of  samples  depending 
on  local  conditions. 

For  taking  samples  during  the  process  of  treatment,  it  is  desirable 
to  take  a  sample  of  oil  from  the  s'.orage  tank  about  one  foot  from  the 
bottom  of  the  tank  before  the  cylinder  is  filled  and  where  possible  a 
sample  directly  from  the  cylinder  during  the  process  of  treatment.  For 
this  purpose  a  thermomeler  well,  as  shown  in  diagram,  is  recommended. 

The  sample  to  be  analyzed  should  be  thoroughly  liquefied  by  heating 
until  no  crystals  adhere  to  a  glass  stirring  rod,  and  also  well  shaken, 
after  which  one-half  shall  be  taken  for  analysis  and  the  balance  re- 
served as  a  check  test. 

Apparatus. — The  apparatus  for  distilling  the  tar  oil  or  creosote  shall 
consist  of  a  stoppered  glass  retort  similar  to  that  shown  in  diagram,  hav- 
ing a  capacity  as  nearly  as  can  be  obtained  of  eight  ounces  up  to  the 
bend  of  the  neck  when  the  bottom  of  the  retort  and  the  mouth  of  the  off- 
take are  in  the  same  plane.  A  nitrogen  filled  mercury  thermometer  of 
good  standard  make,  divided  into  full  degrees  centigrade,  shall  be  used 
in  connection  therewith.  In  order  to  insure  ufiiform  results  for  com- 
parative purposes,  it  is  suggested  that  the  length  of  the  thermometer 
bulb  should  be  one-half  inch,  such  as  is  usually  provided  in  first-class 
thermometers ;  but  in  no  case  shall  a  thermometer  with  a  long  bulb 
be  used.  The  bulb  of  the  retort  and  at  least  two  inches  of  the  neck 
shall  be  and  remain  covered  with  a  shield  of  heavy  asbestos  paper, 
shaped  as  shown  in  diagram,  during  the  entire  process  of  distillation, 
so  as  to  prevent  heat  radiation,  and  between  the  bottom  of  the  retort 
and  the  flame  of  the  lamp  or  burner  two  sheets  of  wire  gauze,,  each  20- 
mesh   fine,   and   at   least  six  inches   square,  shall   be   placed. 

It  is  also  recommended  that  the  flame  be  protected  against  air  cur- 
rents.    An  ordinary  tin  can,  from  which  a  portion  of  the  bottom  and  all 
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of  the  top  have  been  removed,  placed  on  a  support  attached  to  the 
burner,  as  shown  on  diagram,  has  been  found  to  answer  the  purpose. 

Distillation. — Before  beginning  the  distillation,  the  retort  shall 
be  carefully  weighed  and  exactly  one  hundred  grammes  of  the  oil  placed 
therein,  the  same  being  weighed  in  the  retort.  The  thermometer  shall 
be  inserted  in  the  retort  with  the  lower  end  of  the  bulb  one-half  inch 
from  the  surface  of  the  oil,  and  the  condensing  tube  attached  to  the  re- 
tort by  a  tight  cork  joint.  The  distance  betv/een  the  bulb  of  the  ther- 
mometer and  the  end  of  the  condensing  tube  shall  not  be  less  than 
20  nor  more  than  24  in.,  and  during  the  progress  of  the  disfillation  the 
thermometer   shall   remain    in   the   position    originally   placed. 

The  distillates  shall  be  collected  in  weighed  bottles  and  all  frac- 
tions  determined   by   weight.     Reports    shall   be    made   on   the    following 

fractions : 

o  to  170  degrees  Centigrade. 
170  to  200        "  " 

200  to  210        "  " 

210  to  235        "  " 

235  to  270 
270  to  315 
315  to  355 
Residue  above  355        "  " 

Reports    shall    be    made    on    individual    fractions.      In    making    such 

'reports    it    is    to    be    distinctly   understood    that    these    fractions    do    not 

necessarily  refer  to  individual  compounds.     In  other  words,  the  fractions 

between  210  and  235  degrees  will  not  necessarily  be  all  naphthalene,  but 

will  probably  contain   a  number  of  other  compounds. 

The  distillation  shall  be  a  continuous  one  and  should  take  about 
forty- five  minutes. 

When  any  measurable  quantity  of  water  is  present  in  the  oil,  the 
distillation  shall  be  stopped,  the  oil  separated  from  the  water,  and 
returned  to  the  retort,  when  the  distillation  shall  be  recommenced,  and 
the  previous  readings  discarded.  In  obtaining  water-free  oil,  it  will  be 
desirable  to  free  about  300  to  600  cc.  of  the  oil  by  using  a  large  retort 
and  using  100  grammes  of  the  water-free  oil  for  the  final  distillation. 
In  the  final  report  as  to  fractions,  a  correction  shall  be  made  of  the 
amount  of  water  remaining,  so  that  the  report  may  be  made  on  the  basis 
of  a  dry  oil. 

DETERMINATION    OF    SPECIFIC    GRAVITY    OF    OIL. 

In  order  to  determine  the  specific  gravity  of  any  oil,  simply  heat  the 
oil  in  a  water  bath  until  it  is  completely  liquid.  A  glass  stirring  rod 
dipped  into  the  liquid  should  show  no  solid  particle  on  the  rod  when  the 
same  is  withdrawn  from  the  oil.  When  completely  liquid,  stir  thoroughly 
and  fill  the  hydrometer  cylinder,  which  has  previously  been  warmed. 
Insert  a  specific  gravity  hydrometer  of  good  make,  taking  care  that  the 
hydrometer  does  not  touch  the  sides  or  bottom  of  the  cylinder  when  the 
reading   is   taken.     This    reading    should   preferably   be   taken    when    the 
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oil  is  at  38°  Centigrade  (100°  Fahrenheit),  because  at  this  temperature 
almost  all  oils  are  completely  fluid.  Where  contract  requirements 
specify  a  specific  gravity  at  a  different  temperature,  such  gravity  is 
obtained  by  multiplying  .0008  by  the  number  of  degrees  Cenligrade,  or 
.00044  by  the  number  of  degrees  Fahrenheit,  the  oil  is  found  to  be 
above  the  temperature  required  by  the  contract,  and  adding  the  product 
to  the  observed  gravity. 

If  desired  to  make  further  chemical  analysis  for  the  determination 
of  the  low-boiling  tar  acids  and  the  naphthalene,  the  following  method 
is  recommended,  tentatively,  until  such  time  as  the  Committee  can 
investigate  recent  discoveries. 

For  the  determination  of  the  low-boiling  tar  acids,  the  fractions 
are  to  be  placed  in  a  separating  funnel,  to  which  is  to  be  added  about 
30  c.c.  of  15  per  cent,  hot  sodium  hydroxide  solution,  vigorously  shaken, 
and  allowed  to  stand  until  the  dissolved  phenols  separate  out  and  may 
be  drawn  off,  after  which  repeat  with  successive  sodium  hydroxide 
solutions  20  c.c.  each  time  until  no  phenols  are  left  (the  sodium  solu- 
tion comes  off  clear).  The  phenols  so  obtained  are  to  be  separated 
by  the  addition  of  a  25  per  cent,  sulphuric  acid,  slowly  stirred  in. 
When  this  reaction  is  complete,  the  phenols  so  obtained  are  to  be 
decanted  and  weighed. 

The  fractions  remaining  after  extracting  the  phenols  from  the  dis- 
tillate should  be  placed  in  a  conical  vessel,  such  as  a  graduate,  and 
surrounded  by  a  freezing  mixture  of  ice  and  salt,  and  allowed  to  remain 
until  completely  frozen.  The  naphthalenes  so  frozen  should  be  chopped 
up  with  a  knife  or  mashed  and  placed  in  a  small  brass  cylinder  about 
1Y2  in.  in  diameter  by  4  in.  long,  open  at  both  ends,  but  fitted  with 
small  brass  plates  or  plugs.  Before  putting  the  naphthalene  in,  place 
several  thicknesses  of  blotting  paper  cut  to  fit  the  cylinder  on  the  bot- 
tom plate,  and  before  putting  in  the  top  plate  introduce  similar  blotting 
pads.  Place  several  sheets  of  blotting  pads  on  the  plate  of  a  copy  press, 
put  the  cylinder  so  charged  in  the  press  and  apply  pressure  to  the  top 
plate  or  plug,  leaving  it  for  about  one  hour.  A  plug  of  clean  white  naph- 
thalene is  the  result,  and  may  be  taken   out  and  weighed. 


(C)     THE  DETERMINATION  OF  ZINC  IN  TREATED  TIMBERS. 

The  extent  to  which  any  system  of  timber  treatment  will  succeed 
will  depend  largely  upon  ihe  thoroughness  with  which  the  treatment 
is  carried  on.  In  order  to  do  exact  and  thorough  work,  it  is  essential 
that  those  in  charge  of  the  treating  operation,  as  well  as  those  for  whom 
it  is  done,  should  be  able  to  determine  at  all  stages  of  the  operation 
exactly  what  is  being  accomplished. 

In  treating  different  timbers  with  a  solution  of  zinc-chloride,  the 
aim  is  to  deposit  a  certain  amount  of  dry  salt  throughout  the  wood  in  as 
even  a  manner  as  possible.  This  is  usually  done  by  injecting  a  water 
solution  of  zinc-chloride,  of  a  strength  calculated  to  deposit  a  certain 
amount  of  dry  salt  per  cubic  foot  of  wood.  The  amount  of  salt  absorbed 
is  usually  gaged  by  the  volume  of  the  solution  of  given  strength  ab- 
sorbed by  the  total  amount  of  wood.  This  volume  is  measured  by  the 
difference  in  the  gage  reading  on  the  storage  tank  before  and  after  the 
treatment.  This,  however,  does  not  show  the  thoroughness  of  the  pene- 
tration of  the  salt,  as  it  gives  only  the  amount  of  liquid  absorbed  by  the 
entire  charge  of  timber  in  the  treating  cylinder.  In  other  words,  there 
is  no  indication  whether  the  salt  is  distributed  throughout  the  wood,  or 
whether  it  is  only  in  the  outside  portions.  The  only  manner  for  de- 
termining the  extent  and  character  of  the  penetration  is  to  make  a 
chemical  analysis  of  the  wood.  Not  only  will  a  chemical  analysis  show 
exactly  how  far  the  salt  has  gone  into  the  wood,  but  it  will  also  serve  to 
check  the  entire  operation  by  showing  whether  the  salt  has  really  gone 
into  the  wood,  or  whether,  because  of  leakage  or  error  in  manipula- 
tion, some  of  the  solution  has  been  lost. 

Heretofore  the  chemical  analyses  for  determining  the  amount  of  zinc- 
chloride  absorbed  by  wood  have  been  made  in  a  variety  of  ways,  to 
which  may  be  due  the  fact  that  results  which  have  been  reported  by  one 
analyst  have  not  been  comparable  with  those  reported  by  another.  A 
general  investigation  showed  that  many  of  the  timber-treating  plants  had 
their  own  methods  for  taking  samples  and  were  using  different  methods 
for  determining  the   zinc-chloride   absorbed. 

In  view  of  the  increasing  use  of  zinc-chloride  in  timber  preservation, 
it  is  thought  desirable  that  some  standard  method  for  determining  zinc- 
chloride  in  wood  should  be  adopted.  A  series  of  experiments  were  car- 
ried out,  in  which  the  various  methods  now  in  use  were  tested.  The 
first  step  in  every  operation  now  in  use  is  getting  the  zinc  out  of  the  wood. 
This  is  accomplished  in  modifications  of  two  general  methods.  The 
wood  is  either  incinerated  and  the  zinc  extracted  from  the  ash,  or  the  zinc 
is  directly  leached  out  from  the  wood  by  acids.  The  first  method  consists 
iiT  incinerating  in  a  crucible  a  given  weight  of  wood  borings,  taken  from 
the  treated  piece,  after  which  the  ash  is  treated  with  hydrochloric  acid, 
which  dissolves  the  zinc.     It  was  found  that  in  using  this  method,  unless 
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great  care  is  taken,  some  of  the  zinc  salt,  in  the  presence  of  so  much 
organic  matter,  is  reduced  to  metallic  zinc,  and  is  lost  by  volatilization. 
The  second  method  by  which  the  zinc  salt  is  leached  out  by  acids  is  car- 
ried on  by  boiling  a  given  weight  of  the  wood  borings  in  a  flask  or 
beaker  usually  with  hydrochloric  acid  or  aqua  regia.  Good  results  can 
be  obtained  by  these  methods,  but  they  are  considered  unreliable  because 
there  is  always  doubt  as  to  whether  the  zinc  salt  is  completely  dissolved. 
The  only  way  of  determining  whether  all  the  salt  has  been  dissolved  out 
is  by  running  check  analyses,  which  are  often  impracticable,  where  a 
great  number  of  analyses  have  to  be  made  in  a  short  time.  Another  ob- 
jection to  these  methods  is  that  the  filtration  and  washing  of  the  wood 
pulp  requires  a  long  time  and  is  a  difficult  operation. 

After  the  zinc  salt  has  been  extracted  from  the  wood,  the  final 
determination  of  the  amount  of  zinc  is  usually  made  according  to  some 
one  of  the  regular  methods  described  in  works  on  quantitative  analysis. 
At  most  of  the  treating  plants  the  regular  sulphide  method  for  determin- 
ing the  zinc  is  used,  and  gives  good  results,  provided  the  final  washing 
is  done  with  care.  One  other  method  was  found  in  use,  known  as  the 
"visual  test."  This  is  made  by  precipitating  the  zinc  salt  in  a  test  tube 
with  sodium  carbonate,  and  comparing  the  amount  of  the  resulting 
precipitate  with  the  amounts  precipitated  in  the  same  manner  in  similar 
tubes  from  solutions  of  zinc-chloride  of  known  strength.  This  method 
was  found  unreliable,  as  the  flocculent  precipitates  vary  so  much  in  char- 
acter that  an  exact  comparison  is  impossible.  At  any  rate,  such  a  com- 
parison is  liable  to  a  wide  margin  of  error. 

After  considerable  study  of  the  question  it  was  found  that  the  vary- 
ing results  obtained  at  different  plants  are  due,  first:  to  different  methods 
of  taking  samples ;  second,  to  different  methods  of  analysis.  In  order  to 
bring  about  some  uniform  system  for  determining  zinc-chloride  in  wood 
the  following  recommendations  are  made : 

TAKING    SAMPLES. 

The  tools  necessary  for  taking  samples  are  a  cross-cut  saw  and  a 
one-inch  augur.  These  must  be  wiped  perfectly  clean  each  time  before 
taking  a  sample,  in  order  to  avoid  contaminating  the  samples. 

The  timbers  from  which  samples  are  to  be  taken  for  analysis  should 
be  selected  before  the  charge  is  loaded,  and  carefully  weighed  indi- 
vidually. They  should  be  average  size  and  comparatively  free  from 
knots.  After  treatment  they  should  be  weighed  and  then  piled  until  the 
dripping   has   stopped,   when   the   samples   may   be   taken. 

For  ordinary  determinations  timbers,  such  as  ties,  should  be  sawed  at 
two  points,  viz. :  two  feet  from  the  end  and  at  the  center  of  the  tie. 
These  sections  should  be  designated  Section  No.  i  and  Section  No.  2, 
respectively.  In  special  cases  where  it  may  be  necessary  to  cut  a  tie 
into  several  sections,  the  exact  distance  from  the  end  of  each  section 
should  be  given. 

When  a  large  number  of  ties  are  tc  be  analyzed,  it  will  be  sufficient 
to  cut  but  one  section  two  feet  from  the  end,  thereby  saving  th<  six- 
foot  piece  for  a  narrow-gage  tie. 
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After  the  sections  have  been  cut,  three  samples  should  be  taken  from 
each  section,  as  follows:  No.  i,  one-half  inch  from  outside;  No.  3,  at 
the  center  of  the  section ;  No.  2,  half-way  between  No.  i  and  No.  3. 
The  samples  are  taken  by  boring  a  hole  two  inches  deep  with  a  one- 
inch  bit,  saving  all  the  borings.     Each  sample  should  be  properly  labeled, 

as,  Tie  No.  ,   Section  No.  ,   Sample  No.  ,  and  a  list  made 

showing  the  location,  date,  number  of  run,  kind  of  treatment  and  weight 
of  each   tie  before  and  after  treatment. 

METHOD    OF    DETERMINING     ZINC-CHLORIDE    IN    SAMPLES. 

In  seeking  for  a  method  for  determining  zinc-chloride  in  wood  fiber, 
the  following  considerations  were  kept  in  mind : 

(i)  The  method  must  be  one  which  could  be  readily  used  in  com- 
mercial plants. 

(2)  It  must  be  one  which  could  be  completed  in  a  comparatively 
short  time. 

(3)  It  must  be  as  exact  as  possible. 

After  numerous  tests,  the  method  given  below  was  developed  and  is 
recommended  for  general  use  in  treating  plants.  This  method  has  the 
following  advantages  over  the  ones  now  in  use : 

(i)  There  is  no  possible  chance  for  any  loss  of  zinc  in  the  process 
of  extraction. 

(2)  Eight  or  ten  analyses  can  be  carried  on  at  the  same  time  and 
can  be  completed  almost  as  quickly  as  one. 

The  inethod  recommended  is  as   follows : 

Weigh  three  grammes  of  dry  borings  into  a  250  cc.  flask  and  add 
three  cc.  concentrated  sulphuric  acid.  Heat  the  flask  gently  on  a  sand 
bath  or  hot  plate  until  the  wood  becomes  thoroughly  charred.  Now  add 
a  few  drops  of  concentrated  nitric  acid.  When  the  brown  fumes  have 
disappeared,  add  a  few  drops  more  and  continue  the  addition,  a  few 
drops  at  a  time  (toward  the  last  the  amount  may  be  increased),  until 
the  organic  matter  is  all  destroyed.  When  this  point  is  reached  the 
liquid  will  remain  colorless  on  further  heating.  Allow  the  flask  to  cool 
and  dilute  with  100  cc.  of  water  (the  water  must  be  added  carefully  at 
first).  As  a  rule  the  residue  in  the  flask  will  be  completely  dissolved, 
but  if  there  should  be  a  slight  sediment,  it  is  disregarded  at  this  point. 
Add  ammonium  hydroxide  until  strongly  ammoniacal,  and  allow  to  cool. 
If  there  is  a  percipitate  of  iron  hydroxide,  or  if  there  has  been  any  un- 
dissolved sediment  in  the  flask,  filter;  if  not,  pour  into  a  400  cc.  beaker, 
add  5  cc.  ammonium  sulphide,  and  allow  to  stand  over  night.  Filter  into 
a  tarred  11  cm.  filter  paper,  washing  thoroughly  with  water  containing 
a  little  ammonium  sulphide  and  dry.  Incinerate  in  a  porcelain  crucible 
and  roast  until  the  zinc-sulphide  is  converted  to  zinc  oxide,  being  careful 
to  avoid  a  reducing  flame.  When  cool  weigh  as  zinc  oxide.  Divide  this 
weight  by  three  and  multiply  the  result  by  1.674,  which  will  give  the 
number  of  grammes  of  zinc-chloride  contained  in  one  gramme  of  the 
wood  examined,  or  the  number  of  pounds  per  pound.  To  convert  this 
result  into  pounds  of  zinc-chloride  per  cubic  foot  of  wood,  multiply  by 
the  weight  in  pounds  of  one  cubic  foot  of  the  wood. 


PRELIMINARY    REPORT    OF    SUB-COMMITTEE    ON    FUTURE 

POLICY     OF     RAILROADS     WITH     REFERENCE 

TO    TIE    SUPPLY. 

The  number  of  ties  used  annually  for  renewal  and  construction  pur- 
poses by  American  railroad  companies  has  been  steadily  on  the  increase 
for  a  number  of  years,  and  this  increase  has  been  going  on  at  such  a 
rapid  rate  that  during  the  last  year  some  118,000,000  ties,  more  or  less, 
were  used  for  renewal  purposes  alone.  This  enormous  number  of  ties 
represents  a  serious  drain  upon  the  forest  resources  of  the  country.  At- 
tention has  been  called  to  the  decreasing  supply  of  standing  timber  by 
numerous  writers  for  some  fifteen  years  or  more,  and  especially  so  dur- 
ing the  last  five  years.  Warnings  have  been  issued  from  time  to  time, 
calling  attention  to  the  fact  that  unless  something  were  done  the  rail- 
roads would  be  confronted  sooner  or  later  with  a  serious  problem  as  to 
where  they  were  going  to  get  a  supply  of  ties.  While  these  warnings 
have  been  increasing  in  insistency,  very  little,  if  any,  heed  has  been  paid 
them.  This  has  probably  been  the  case  not  because  the  railroad  com- 
panies did  not  realize  that  there  was  a  rapidly  decreasing  supply  of 
timber  available  for  tie  purposes,  but  is  due  to  the  fact  that  in  spite  of 
the  decreasing  supply  little  difficulty  has  until  recently  been  experienced 
by  any  company  in  getting  the  requisite  number  of  ties  at  fairly  reason- 
able prices.  During  the  last  year  or  two,  however,  this  condition  has 
changed  very  materially.  Prices  of  ties  have  gone  up  with  startling 
rapidity  and,  in  many  instances,  it  has  been  almost  impossible  to  obtain 
the  necessary  number  of  ties  of  certain  kinds  of  wood  and  of  certain 
quality,  even  where  the  highest  prices  were  paid  for  them.  One  of  the 
eastern  roads  has  had  a  standing  offer  for  white  oak  ties  7x8  in.  x8j^ 
ft.  long,  offering  85  cents  for  them,  and  has  been  able  to  obtain  only 
a  very  small  per  cent,  of  the  number  needed  for  its  construction  work. 
White  oak,  which  used  to  be  the  standard  tie  timber,  has  become  so 
scarce  that,  with  the  great  demand  for  it  for  other  purposes,  resulting  in 
its  increased  value  for  lumber,  the  prices  for  white  oak  ties  have  in  many 
parts  of  the  country  gone  to  a  point  where  it  is  no  longer  economical 
to  buy  them  for  tie  purposes. 

It  is  very  generally  realized  at  the  present  time  by  most  railway 
managements  that  it  is  becoming  difficult  to  get  the  necessary  number 
of  ties,  and  the  time  has  arrived  where  most  managements  are  seriously 
considering,  not  only  the  fact  that  there  is  a  scarcity  which  is  bound  to 
increase  during  the  next  few  years,  but  where  they  are  trying  to  find 
some  method   for  dealing  with   this  problem.     The  effort  of  this   Com- 
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r.iittee  has  been  directed  toward  making  some  preliminary  suggestions 
as  to  the  possible  ways  of  meeting  this  problem  and  to  collecting  data 
from  the  limited  experience  of  some  of  the  roads  which  might  bear 
upon  the  general  problem  of  a  future  tie  supply. 

POSSIBLE     SUGGESTIONS. 

The  possible  steps  which  could  be  taken  to  assure  an  adequate  pres- 
ent supply  and  a  reasonable  supply  for  the  future  may  be  roughly  classi- 
fied  into   three  groups : 

First — Methods    which    involve    a    more    economical   use    of    the    timber 

which  is  nozv  being  used  for  tie  purposes. 
Second — Methods   which   look    toward    the   growing   of  new   trees   for   a 

future  supply. 
Third — The   importation   of   ties  from   other   countries. 

Under  the  first  heading  the  following  methods  suggest  themselves: 
(o)     Encouraging  methods  for  the  more  economical  cutting  of  trees,  so 
as  to  obtain  the  largest  possible  number  of  ties  from  each  tree  cut 
for  tie  purposes. 

(b)  Encouraging  methods  for  cutting  only  the  ^nature  trees  and  re- 
ducing the  cutting  down  of  trees  which  might  make  ties  if  allowed 
to  grow  for  a  number  of  additional  years. 

(c)  The  use  of  treated  ties. 

(d)  The  employment  of  methods  looking  toward  the  reduction  of  the 
mechanical  wear  on  ties;  in  other  words,  increasing  the  mechanical 
life  of  ties  now  used. 

Under  the  second  heading  the  following  may  be  considered : 

{e)     Purchase  and  management  of  forest  lands. 

(f)  The  purchase  of  cutover  lands  and  planting  of  trees  for  tie  pur- 
poses. 

Considering  the  individual  steps  named  more  in  detail : 
(a)     Encouraging  methods  for  the  more  economical  cutting  of  trees,  so 
as  to  obtain  the  largest  possible  number  of  ties  from  each  tree  cut 
for  tie  purposes. 

The  object  of  the  railway  company  in  considering  the  tie  question 
is  to  assure  itself  that  a  certain  definite  number  of  ties  will  be  available 
annually,  and  that  the  source  from  which  these  ties  will  come  will  be  a 
definite  one.  In  order  to  assure  such  a  definite  supply,  one  of  the  most 
important  methods  which  can  readily  be  followed  at  this  time  will  consist 
in  the  adoption  of  proper  regulations  in  the  contracting  and  purchase 
of  ties,  particularly  from  forest  lands  located  along  the  right-of-way,  and 
to  see  to  it  that  every  tree  which  is  cut  for  tie  purposes  will  yield  the 
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greatest  possible  number  of  ties  which  such  trees  are  capable  of  pro- 
ducing. Formerly  the  railway  company  had  no  object  in  going  behind 
the  tie  contract.  At  the  present  time,  however,  the  railroad  company  has 
a  very  direct  interest  in  the  question  whether  forest  lands  located  tribu- 
tary to  their  territory  are  being  used  to  the  best  advantage.  The  problem 
is  becoming  to  be  one  of  direct  interest  in  the  immediate  future  and  it 
will  make  a  great  deal  of  difference  to  the  railway  company  whether  a 
contractor  furnishes  thirty  ties  from  a  given  tract  where  he  might  fur- 
nish ihirty-five,  because  this  means  five  ties  saved  from  trees  which  can 
be  cut  in  coming  years.  By  economical  methods  of  cutting,  we  mean 
that  trees  should  be  cut  as  low  as  possible  on  the  stump  and  as  high  as 
possible  into  the  tops.  Examples  of  wasteful  methods  of  cutting  can 
still  be  found  in  practically  every  tie  camp  throughout  the  United  States. 
The  great  waste  which  takes  place  in  the  cutting  of  loblolly  pine  ties 
and  the  possible  saving  are  well  illustrated  in  the  following  table,  show- 
ing present  practice  and  the  possible  practice  in  loblolly  pine  lands  in 
Southeast  Texas : 

Average  number  of  6  by  8-inch  hewed   ties  now  obtained  from  loblolly 
pine  and  number  that  can  be  cut. 


Diameter, 

in. 

Number 

Number  which 

Per  cent. 

breast  high. 

obtained. 

can 

be  obtained. 

of  increase. 

II 

2.4 

2.5 

4 

12 

3-1 

3-5 

13 

13 

3-9 

4-5 

15 

"14 

4.8 

5-5 

15 

15 

5-2 

6.0 

t5 

i6 

57 

6.5 

14 

17 

6.0 

7.0 

17 

The  waste  which  takes  place  in  the  cutting  of  hewn  ties  when  com- 
pared with  sawed  ties  is  likewise  a  matter  which  demands  the  most  care- 
ful consideration.  In  mountainous  districts  it  would  frequently  not  be 
possible  to  get  sawed  ties,  nor  will  the  increase  in  the  number  of  lies  ob- 
tained be  so  evident  in  small  trees.  When  ties  are  made  out  of  larger 
trees,  however,  the  possibility  of  an  increased  yield  becomes  very 
marked.  The  same  is  true  with  reference  to  crooked  trees  and  lops.  It 
will  frequently  be  possible  to  saw  ties  from  crooked  trees  and  from  tops 
which  would  be  left  in  the  woods  by  the  maker  of  hewn  tics. 

While  the  railroad  company  cannot  dictate  to  the  contractors  how 
they  shall  cut  their  ties,  they  nevertheless  can  bring  strong  pressure  to 
bear  upon  the  tie  industry  located  along  their  lines,  which  will  result  in 
marked  economy,  and  the  Committee  wishes  to  point  out  that  every 
railroad  company  has  a  most  direct  and  decided  interest  in  encouraging 
any  and  all  methods  which  look  to  a  reduction  of  the  former  wasteful 
methods  of  cutting. 
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It  will  practically  be  impossible  to  obtain  any  marked  success  in  the 
way  of  improving  the  character  of  the  cutting  unless  all  the  railroads 
buying  ties  in  certain  territories  agree  to  buy  them  under  similar  specifica- 
tions. In  other  words,  Where  several  roads  are  buying  ties  in  the  same 
territory  it  should  be  the  endeavor  to  see  that  they  make  similar  re- 
quirements of  the  contractors.  If  one  road  buys  ties  under  specifications 
wholly  different  from  another,  it  will  of  course  be  impossible  to  bring 
about  any  uniform^  system  of  operation.  In  other  words,  what  the  Com- 
mittee wishes  to  emphasize  is  that  it  will  be  desirable  to  purchase  ties 
under  as  nearly  uniform  specifications  as  may  be  possible. 

(b)  Encouraging  methods  for  cutting  only  the  mature  trees  and  re- 
ducing the  cutting  down  of  trees  which  might  make  ties  if  allowed 
to  grow  for  a  number  of  additional  years. 

Intimately  connected  with  the  last  matter  is  the  suggestion  that  one 
way  in  which  a  future  supply  can  be  assured  consists  in  encouraging 
methods  for  cutting  only  mature  trees.  It  is  frequently  the  practice  nowa- 
days in  cutting  over  a  given  tract  of  forest  land  for  tie  purposes  to  cut 
any  and  all  trees  which  might  possibly  make  a  tie.  Most  of  the  railroads 
to-day  use  ties  6x8in.  bySft.  Ties  are  being  made,  however,  many  of 
which  are  offered  on  regular  tie  contracts,  which  are  very  much  smaller 
than  6  X  8  in.  X  8  ft.  These  smaller  ties  are  offered  on  regular  contracts 
and  are  generally  admitted  as  seconds  or  culls,  and  where  they  are  not 
offered  to  the  railroad  companies  they  are  sold  to  street  railways  and 
others  using  smaller  ties.  These  small  ties  come  from  two  spurces — 
in  the  first  place  from  the  tops  of  trees,  and  in  the  second  place  from 
small  trees  not  large  enough  to  make  a  standard  pole  tie.  Second  class, 
or  cull  ties,  are  accepted  on  contracts  by  railroad  companies  at  the  pres- 
ent time  to  a  varying  number  because  most  companies  are  so  anxious  to 
get  ties  that  they  are  willing  to  accept  ties  under  size  which  they  intend  to 
use  largely  for  sidetrack  work  and  secondary  lines.  It  is  true,  how- 
ever, much  as  we  would  like  to  deny  this,  that  many  of  these  small  ties 
find  their  way  into  first-class  track.  The  acceptance  of  small  ties  is 
something  which  the  railroads  believe  is  forced  upon  them  and  which 
most  managements  would  probably  be  glad  to  do  away  with.  Many  roads 
have  tried  to  restrict  the  number  of  small  ties  which  will  be  accepted  on 
tie  contracts.  That  this  can  be  done  is  illustrated  by  a  number  of  the 
lines  in  the  Mississippi  Valley  territory,  who  refuse  to  accept  more  than 
5  per  cent,  of  ties  under  size  and  who  rigidly  live  up  to  this  requirement. 

The  Committee  believes  that  this  matter  of  the  acceptance  of  small 
ties  is  one  of  the  most  important  subjects  for  consideration  with  refer- 
ence to  a  future  tie  supply.  The  objection  will  be  made  that  it  is  im- 
possible to  buy  ties  at  the  present  time  without  accepting  a  certain  per- 
cent, of  small  ties.  It  should  be  stated  in  answer  to  this  that  the  rail- 
roads must  face  one  of  two  alternatives ;  they  must  either  insist  on  get- 
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ting  only  full  sized  ties,  i.  e.,  refuse  all  but  the  very  smallest  per  cent,  of 
small  ties,  viz.,  those  which  would  be  cut  from  tops  of  trees;  or  they 
must  face  the  certainty  that  they  are  rapidly  depleting  the  oncoming 
slock  of  tie  timber  by  permitting  young  trees  to  be  cut  for  second-class 
and  cull  ties,  which,  if  allowed  to  grow,  would  in  an  appreciable  number 
of  years  make  standard  sized  ties.  The  cutting  of  trees  which  will  make 
only  second-class  ties  not  only  gives  ties  which  are  not  serviceable,  but 
at  the  same  time  cuts  off  the  possibility  of  a  future  supply.  That  trees 
which  will  now  make  only  cull  ties  will  make  standard  size  ties  if  left 
to  grow  is  well  illustrated  by  a  few  figures  showing  the  rate  with  which 
certain  trees  increase  in  diameter : 

TABLE  SHOWING  INCREASE  IN  DIAMETER  WITH   AGE  OF  SECOND  GROWTH   WHITE 
OAK,    DECATUR    COUNTY,    TENNESSEE.* 

Diameter  breast  high. 

Inches.  Age,  years. 

7-1  35 

8.3  40 

9-4  45 

10.3  50 

11.2  55 

11.7  60 

12.2  65 

TABLE  SHOWING   INCREASE  IN   DIAMETER  WITH   AGE  OF  RED  GUM. 

Diameter  breast  high. 

Inches.  S( 

7 
8 

9 

ID 

II 
12 

13 
14 

15 

TABLE    SHOWING   INCREASE   IN    DIAMETER   WITH    AGE  OF   CHESTNUT   IN    SOUTH- 
ERN    MARYLAND. 


Age. 

Carolina. 

Missouri, 

20 

36 

23 

41 

26 

45 

30 

49 

34 

54 

38 

58 

42 

62 

46 

66 

50 

70 

Age. 

Diameter  breast  high. 

T: 

rees  from 

Ti 

rees  from  coppice 

Inches. 

seed. 

growth. 

8 

2>7 

25 

9 

41 

29 

10 

45 

33 

II 

49 

38 

12 

53 

43 

13 

58 

48 

14 

63 

54 

ts 

68 

59 

♦These  tables  give  the  rate  of  growth    in    certain    localities,    and    must 
not  be   considered  as  applying  in  all  cases. 
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TIME   REQUIRED   TO   INCREASE   DIAMETER   OF   LOBLOLLY    PINE   ONE   INCH    IN    DIF- 
FERENT   TYPES    IN    SOUTHEAST    TEXAS. 


Diameter 

breast  high. 

Inches. 

In 

Age. 
Years. 

pure  stands. 
Time  required  to 
grow  one  inch. 
Years. 

Mixed 

Age. 
Years. 

with  hardwoods. 
Time  required  to 
grow  one  inch. 
Years. 

8 
9 

21 
22 

2 
2 

25 

28 

3 
3 

lO 

II 

12 

24 
26 
28 

2 
2 
2 

32 

35 
39 

4 
3 
4 

13 

30 

33 

2 

3 

42 

46 

3 

3 

A  study  of  these  tables  shows  that  the  critical  period,  viz.,  from  the 
time  when  a  tree  is  large  enough  for  a  second-class  tie  until  the  time 
when  it  would  make  a  first-class  tie,  is  only  five  to  ten  years.  Second- 
growth  white  oak  in  order  to  grow  from  a  tree  8  in.  in  diameter  to 
10  in.  in  diameter  requires  ten  years.  Chestnut  requires  only  eight 
years,  and  the  same  would  probably  be  true  of  timbers  of  the  red  oak 
family. 

The  gist  of  this  discussion  is  that  the  railroad  companies  should  in- 
sist that  the  number  of  small  ties,  i.  e.,  those  now  classed  as  seconds  or 
culls,  should  be  reduced  to  iHe  least  possible  minimum ;  say,  for  ex- 
ample, 5  per  cent,  or  a  minimum  of  5  per  cent,  or  10  per  cent,  second- 
class  ties  might  be  established,  with  a  total  exclusion  of  cull  ties.  When 
a  decision  has  been  arrived  at  to  this  effect  tie  inspectors  should  be  in- 
structed to  rigidly  enforce  tliis  requirement,  and  no  considerations  of  tie 
necessity  should  stand  in  the  way  of  having  such  a  requirement  rigidly 
enforced.  Where  more  ties  are  needed  it  will  be  a  far  better  policy  to 
pay  more  for  first-class  standard  ties  and  reject  all  seconds  than  to  try  to 
make  up  the  necessary  number  of  ties  by  accepting  a  large  percentage 
of  undersized  ties.  Unless  this  is  done,  and  done  speedily,  the  time,  not 
so  very  many  years  hence,  will  come  when  it  will  not  be  possible  to  get  a 
sufficient  number  of  first-class  ties.  The  Committee  desires  to  point  out 
that  of  all  the  recommendations  made  herein  an  action  of  this  kind  will 
be  found  far  more  important  and  will  give  a  very  much  greater  assur- 
ance of  a  future  supply  than  all  of  the  efforts  which  could  be  made  in 
the   planting  of   trees  or   in   any  of  the  other  methods   herein   suggested. 

(c)     The  use  of  treated  ties. 

A  third  method  which  should  be  considered  with  reference  to  the 
future  tie  supply  problem  is  the  use  of  chemically  preserved  ties.  Ties 
have  to  be  bought  in  such  large  quantities  at  the  present  time  because 
the  service  obtained  from  them  in  the  roadbed  rarely  exceeds  six  to 
seven  years.  The  railroad  company  must  therefore  renew  one-seventh  of 
its  ties  every  year.     With  the  increased  expense  of  new  ties,  to  which  must 
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be  added  the  expense  of  renewal  and  the  cost  engendered  by  the  dis- 
turbance made  in  renewing  ties,  tie  renewals  become  a  more  and  more 
costly  matter  every  year.  Where  ties  are  treated  chemically  with  any 
of  the  well-known  preservatives  their  length  of  life  will  be  increased  and 
a  correspondingly  smaller  number  of  ties  will  have  to  be  bought  from 
now  on.  There  is  no  longer  any  question  but  that  the  chemical  preserva- 
tion of  ties  is  one  of  the  greatest  economies  which  could  be  practiced. 
There  seems  to  be  no  reason  why  every  railroad  company  should  not 
treat  its  ties,  and  that  at  once.  Every  tie  which  is  treated  this  year 
means  one  tie  less  which  will  have  lo  be  bought  six  years  thereafter. 
The  reduction  in  the  number  of  ties  which  will  have  to  be  bought  after 
the  use  of  treated  ties  has  once  been  adopted  will  depend  very  largely 
upon  the  kind  of  preservative  used  and  the  manner  in  which  the  work 
of  preservation  has  been  done.  It  would  hardly  seem  necessary  to 
say  what  appears  to  be  almost  axiomatic,  that  in  using  treated  ties  only 
the  very  best  preservative  should  be  used,  and  that  where  preservation  is 
done  at  all  it  should  be  done  in  the  most  careful  manner.  The  use  of  a 
preservative  which  will  give  life  three  times  as  long  as  the  present  one  is 
far  preferable  to  one  which  will  only  double  the  length  of  life.  The 
question  of  initial  cost  should  be  carefully  considered,  because,  in  tHe 
opinion  of  the  Committee,  the  saving  of  a  very  small  amount  at  this  time 
by  the  use  of  an  inferior  preservative  will  be  very  insignificant  ten  years 
hence  when  the  obtaining  of  ties  at  any  price  will  far  outweigh  the 
small  saving  at  this  date.  In  a  few  years  from  now  all  railroads  will 
have  to  use  treated  ties  and  most  of  them  should  begin  using  them  at 
once  and,  as  said  before,  treat  them  with  the  best  preservative  available. 

(rf)  The  employment  of  methods  looking  toward  the  reduction  of  the 
mechanical  wear  on  ties;  in  other  words,  increasing  the  mechanical 
life  of  ties  now  used. 

A  reduction  of  the  number  of  ties  used  annually  can  furthermore 
be  obtained  by  adopting  methods  looking  toward  the  reduction  of  the 
mechanical  wear.  This  subject  really  forms  part  of  the  preceding  rec- 
ommendation, because  increasing  the  length  of  life  against  decay  should 
go  hand  in  hand  with  increased  length  of  life  against  mechanical 
abrasion.  It  will  be  found  inadvisable  to  so  treat  a  tie  chemically  that 
it  will  resist  decay  twenty  to  twenty-five  years  when  such  ties  wear  out 
in  twelve  years.  One  of  the  most  urgent  needs  at  this  date,  therefore, 
leaving  out  of  consideration  entirely  its  influence  on  general  track  con- 
struction, deals  with  the  problem  of  increasing  the  mechanical  service  of 
ties.  It  should  be  possible  to  so  protect  treated  ties  that  they  will  serve 
thirty  years,  admitting  now  that  it  is  no  longer  impracticable  to  preserve 
for  thirty  years  by  chemical  treatment. 

When  it  becomes  possible  to  get  a  service  of  thirty  years  from 
treated  ties  the  problem  of   future  supply  will  become   very  much   less 
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acute  than  it  is  at  llic  present  date.  An  excellent  precedent  has  been 
established  in  this  respect  on  the  French  railroads.  The  average  French 
railway  management  does  not  worry  about  its  future  tie  supply,  and  most 
of  them  express  decided  indifference  to  the  subject.  This  is  readily  evi- 
dent from  a  consideration  of  the  following  facts : 

The  French  treat  beech  timber  with  creosote  and  obtain  an  aver- 
age service  of  twenty-five  to  thirty  years,  using  mechanical  devices  for 
reducing  the  wear  on  such  ties  in  addition  to  treating  them  with  creo- 
sote. A  beech  tree  grows  so  as  to  make  at  least  four  ties  in  120  years; 
i.  e.,  by  the  time  treated  beech  ties  are  no  longer  serviceable  a  new  crop 
of  beech  trees  has  grown  in  the  forests,  yielding  a  sufficient  number  of 
ties  to  replace  those  which  have  gone  out  of  service.  In  other  words, 
the  French  have  attained  a  condition  where  the  rate  with  which  they 
wear  out  ties  has  been  lengthened  out  sufficiently  to  permit  new  trees 
to  grow  in  the  forests  to  replace  those  which  have  worn  out. 

Summing  up  the  considerations  dealing  with  economical  methods  of 
use,  it  would  appear  that  the  time  is  here  when  steps  should  be  taken, 
all  of  them  perfectly  practicable,  looking  toward  a  reduced  number  of 
ties  per  year.  These  steps  can  and  should  be  taken  at  once,  and  if  the 
leading  railway  lines  do  so  in  conjunction  it  will  go  far  toward  reducing 
the  number  of  ties  which  will  be  demanded  from  year  to  year,  and  to 
that  extent  work  toward  a  solution  of  the  problem  of  the  future  supply  of 
wooden  ties. 

{e)     Purchase  and  management  of  forest  lands. 

There  is  assurance  that  a  definite  number  of  ties  each  year  and  from 
a  definite  source,  can  be  obtained  by  the  purchase  of  existing  forest  tracts 
by  railway  companies  and  the  management  of  such  tracts  in  such  a  man- 
ner that  the  number  of  trees  cut  for  tie  purposes  each  year  will  be  equiva- 
lent to  the  amount  of  wood  which  grows  on  such  lands  each  year.  This 
will  mean  that  trees  will  be  cut  as  they  reach  maturity  and  that  a  definite 
policy  of  harvesting  will  be  established  on  such  forest  lands.  In  order 
to  effect  such  a  policy  it  will  mean  that  railroad  companies  will  have  to 
purchase  very  extensive  tracts  of  timber  land  and  hold  these  indefinitely. 
In  order  to  put  a  system  of  management  into  effect  it  will  be  necessary 
to  know  something  as  to  the  kinds  of  trees  on  such  tracts,  the  number  of 
trees  of  different  diameters  per  acre,  the  rate  with  which  such  trees  in- 
crease in  diameter  either  in  pure  or  mixed  stands  and  the  number  of 
ties  which  different  species  of  trees  will  yield  when  they  reach  various 
diameters  and  various  ages.  The  selection  of  forest  lands  for  tie  produc- 
tion will  depend  upon  the  location  of  the  railroad  company,  upon  "the 
available  forest  lauds  and  upon  the  value  of  lands  now  covered  by  forest 
for  agricultural  purposes.  Preference  will  be  given  to  the  choice  of  such 
forest  tracts   as   are   composed   chiefly  of   trees   which   reproduce   them- 
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selves  with  ease  and  grow  with  the  greatest  possible  speed.  The  re- 
quirements of  a  tree  species  for  tie  production  on  such  forest  lands  have 
recently  been  well  stated  as  follows  : 

First — It  must  furnish  a  tie,  which,  at  least  when  treated,  will  give 
continuous  service  for  from  five  to  eight  years,  otherwise  the  ex- 
pense of  frequent  renewal  will  make  it  too  costly. 

Second — It  must  not  be  so  valuable  for  lumber  that  it  cannot  be  cut 
for  ties. 

Third — It  must  be  of  rapid  growth,  in  order  to  attain  a  suitable  size 
in  a  short  time. 

Fourth — It  must  renew  itself  easily  after  cutting,  so  as  to  maintain  the 
forest  without  much   expense. 

Forest  lands  on  which  grow  tree  species  which  would  fill  such  re- 
quirements are  still  available  in  many  parts  of  this  country,  but  their 
acreage  is  very  rapidly  decreasing,  and  the  timber  which  might  serve  for 
a  future  tie  crop  is  rapidly  being  reduced  because  of  the  present  methods 
of  cutting  away  any  and  all  trees  on  any  given  tract.  Where  lands  are 
to  be  held,  they  will  have  to  be  bought  very  soon  if  any  plan  of  -manage- 
ment is  to  be  adopted. 

The  first  thing  that  should  he  done  is  to  make  an  examination  of  all 
of  the  possible  available  forest  tracts  along  the  lines  of  any  particular 
road  and  then  have  a  careful  study  made  by  some  trained  forester  who 
can  determine  the  number  of  ties  which  will  be  produced  per  acre  of 
different  timbers,  the  rate  with  which  such  timbers  grow  and  conse- 
quently how  many  ties  one  can  expect  to  cut  per  acre  from  such  lands 
under  a  system  of  definite  management.  Too  much  stress  cannot  be 
laid  upon  the  fact  that  examinations  and  determinations  dealing  with  the 
production  of  timber  on  forest  tracts  is  a  technical  matter  which  should 
be  under  the  supervision  of  technically  trained  men.  Many  of  the  mis- 
takes hitherto  made  by  railroad  companies  in  connection  with  this  sub- 
ject might  have  been  avoided  had  this  been  realized. 

Examples  of  forest  management  in  this  country  are  unfortunately 
almost  completely  lacking,  but  where  they  do  exist  they  are  of  such 
recent  character  that  very  little  can  be  learned  from  this  source.  The 
Norfolk  &  Western  has  recently  decided  to  follow  a  plan  of  forest 
management.     Quoting   from   a    report   of   the   Chief   Engineer : 

"It  has  been  decided :  First — That  our  lands  be  managed  as  pine 
forest  lands,  but  that  any  hardwoods  at  present  be  allowed  to  remain 
until  reaching  merchantable  size. 

"Second — That  no  attempt  be  made  to  raise  calalpa  trees  on  this  land. 

"Third — That  a  scheme  of  forest  management  be  devised  for  the 
proper  handling  of  the  forest  properties  of  the  Norfolk  &  Western  Rail- 
way, so  as  to  improve  same  and  also  so  that  they  may  yield  revenue. 

"Fourth — That   no  timber  be   sold   from   the   tracts   except  after  an 
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examination  of  the  land  and  determination  of  the  actual  value  of  the 
timber  present,  and  also  not  until  proper  restrictions  are  placed  on  the 
parly  cutting  the  timber." 

Similar  plans  have  been  made  by  the  Delaware  &  Hudson  Railway 
Company,  owning  extensive  tracts  of  forest  lands  in  the  Adirondaclcs, 
and  by  the  Northern  Pacific,  owning  forest  tracts  in  the  Northwestern 
States.  In  this  connection  it  may  be  well  to  state  that  it  may  prove 
desirable  for  railway  systems  to  invest  in  forest  lands  not  immediately 
situated  along  their  lines.  Such  lands  should  preferably  be  selected  in 
Southern  States,  where  the  rate  with  which  timber  grows  far  exceeds 
that  in  the  Northern  States.  The  possibilities  of  forest  management  are 
well  shown  by  an  example  dealing  with  loblolly  or  North  Carolina  pine. 
In  a  recent  report  on  the  loblolly  pine  forest  as  an  investment  for  tie 
purposes  in  Southeast  Texas  by  Mr.  Zorn  (of  ihe  U.  S.  Forest  Serv- 
ice), he  finds  that  in  East  Texas  the  forest  proper  yields  from  200 
to  400  or  occasionally  see  ties  to  the  acre,  but  the  average  per  acre 
for  a  section  of  land  is  70  to  80.  After  a  study  of  the  number  of  ties 
produced  by  trees  of  different  diameters  and  of  the  rate  with  which 
such  trees  increase  in  diameter,  he  finds  that  the  average  stand  of 
loblolly  pine  is  ready  to  be  cut  when  it  is  about  forty  years  old. 
"At  earlier  ages  the  growth  is  more  rapid,  but  the  trees  are  not  large 
enough  to  be  available  for  ties,  while  after  that  time  the  annual  rate 
of  growth   falls  off." 

The  conclusions  which  Mr.  Zorn  reaches  as  a  result  of  his  study 
are  of  such  interest  in  this  connection  that  it  is  thought  worth  while  to 
quote  in  full  what  he  has  to  say  concerning  the  profit  obtained  in  grow- 
ing loblolly  pine  for  tie  purposes : 

"The  problem  then  is:  Since  it  takes  forty  years  to  produce  a 
crop  of  loblolly  pine  ties,  will  it  pay  to  devote  land  to  that  purpose, 
and  how  large  an  area  will  be  required  to  furnish  indefinitely  the 
number  of  ties  that  are  now  cut  each  year?  The  latter  question  is 
quickly  answered.  Since  it  takes  9.5  cubic  ft.  of  wood  to  make  i 
lie,  or  8.5  cubic  ft.  if  greater  economy  is  practiced,*  an  acre  will  produce, 
on  the  basis  of  the  yield  indicated  in  Table  XXXIV,  11  ties  every  year. 
But  since  either  the  pine  forests  are  interrupted  by  prairie  or  the  pine 
trees  are  found  among  hardwoods,  to  such  an  extent  that  about  3 
Rcres  of  land  must  be  counted  to  one  of  effective  forest,  the  average 
yield  per  acre,  taking  the  land  as  it  is  found,  is  4  ties.  This,  divided 
into  2,000,000,  the  number  of  ties  now  produced  each  year  by  the 
loblolly  forests  of  eastern  Texas,  makes  500,000  acres  necessary  to 
maintain  the  output.     That  this  area  is  available  is  beyond  question. 

There  is  another  consideration,  however.  The  forest  as  it  stands 
contains  old  and  young  trees,  and  only  a  part  is  of  the  right  age  for 
tie  making.  If  it  were  intended  to  work  a  forest  systematically  and 
continuously,  just  so  much  should  be  cut  every  year  as  is  replaced  by 
the    annual    growth.     In    other    words,    if    it    takes    forty    years    on    the 

•On  account  of  waste  In  cutting  tops  and  stump  of  tree. 
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average  to  produce  tie  timber,  one-fortieth  of  the  whole  area  may  be 
cut  every  year  without  depleting  the  stock.  Where  this  is  done,  one- 
fortieth  of  the  area  necessarily  has  trees  40  years  old,  another  fortieth 
trees  39  years  old,  and  so  on.  But  in  Texas  this  condition  cannot 
be  reached  for  a  long  time,  and  the  following  calculation  is  made  to 
show  how  loblolly  pine  land  as  it  stands  may  be  worked  as  a  permanent 
investment. 

Such  land  can  now  be  bought  in  Texas  for  about  $3.25  an  acre,  and 
will  yield  by  the  section,  including  prairie  and  swamp,  80  ties  to  the 
acre  and  2,500  board  feet  of  lumber.  T+ie  ties  may  be  assumed  to  be 
worth  3  cents  each  and  the  lumber  75  cents  per  thousand  feet  on  the 
stump. 

Taxes  in  eastern  Texas  are  at  present  from  75  to  80  cents  on  $100 
of  assessed  value,  but  for  the  sake  of  simplicity  it  may  be  assumed 
that  the  tax  is  equal  to  i   per  cent,  of  the  assessed  value. 

It  is  difficult  to  estimate  the  cost  of  looking  after  the  forest  and 
protecting  it  from  injury,  but  since  loblolly  pine  reproduces  itself 
naturally  with  great  ease  and  the  forests  suffer  but  little  from  fire  on 
account  of  the  wet  ground  that  surrounds  many  of  them,  it  may  be 
assumed  that  the  annual  cost  is  5  cents  per  acre.  It  is  also  assumed 
that  a  piece  of  forest  is  cut  over  within  three  years,  that  during  that 
time  there  is  no  expense  for  management,  ?nd  that  the  cut-over  land 
is  worth  50  cents  per  acre. 

These  figures  then  furnish  the  basis  of  the  calculation  : 

Estimate   of  the   outlay  and  returns  per  acre   on   loblolly  pine   land   cut 
for  hewed  ties  and  lumber. 

OUTLAY. 

Cost    of    land $3-25 

Compound   interest  on  same   until   present   crop   is 

cut,  3  years  at  6  per  cent 62 

Taxes,  $0.03  for  3  years,  with  interest  at  6  per  cent.       .10 

Total    $3.97 

RETURNS. 

80  ties,  at  3  cents  each $2.40 

2,500  board  feet  of  lumber,  at  75  cents  per  M 1.87 

Land    50 

Total   $4.77 

Less  outlay  3.97 

Net   profit    $  .80 

The  above  calculation  shows  that  simply  buying  the  land  and  selling 
the  stumpage  at  current  prices  gives  a  6  per  cent,  investment  and  a 
net  profit  of  80  cents.  The  owner  can  now  take  the  land  at  its  sale 
value  of  50  cents  and  hold  it  for  a  second  crop.  It  contains  a  good 
many  small  trees,  which  will  keep  on  growing,  and  reproduction  is 
almost  sure. 


726  TIES. 

In  the  following  computation,  estimate  must  enter  to  a  considerable 
extent,  but  from  the  tendency  of  lumber  prices  to  advance,  it  is  appar- 
ently safe  to  assume  that  after  40  years  tie  stumpage  will  be  worth 
8  cents  and  lumber  $2  per  thousand.  The  yield  of  the  forest  may  easily 
be  more  than  the  first  crop,  because  it  will  be  cared  for,  and  because 
the  area  of  prairie  is  steadily  lessening,  but  it  will  be  safest  to  count 
on  the  same  yield   after  40  years  as   is  obtained   now. 

Estimate   of   outlay    and    returns   per   acre   in    holding    cut-over    loblolly 
pine  land  for  a  second   crop. 

OUTLAY. 

Cost  of  land $0.50 

Interest  on  same,  at  5  per  cent $0,025 

Taxes,  at  i  per  cent,  of  value 005 

Cost  of  management 05 

Annual   charge    08 

This  8  cents  paid  annually  for  40  years,  and 
with  compound  interest  at  5  per  cent,  amounts 
to 9-66 

Total    $10.16 

RETURNS  AT  END  OF  FORTY  YEARS. 

80  ties,  at  8  cents  each $6.40  . 

2,500  board  feet  of  lumber,  at  $2  per  M 5.00 

Land  will  sell   for i.oo 

Total   $12.40 

Less  outlay  •. 10.16 

Net  profit    $  2.24 

"This  shows  a  5  per  cent,  investment  with  a  margin  of  $2.24,  or  a 
net  return  of  a  little  less  than  6  per  cent,  on  the  out'ay.  There  is 
little  doubt  that  this  rate  can  be  considerably  increased  in  many  cases, 
because  all  the  figures  used  are  conservative.  If  ties  are  cut  more 
carefully,  for  instance,  it  will  be  possible  to  get  at  least  10  more  from 
each  acre,  which  means  80  cents,  and  increases  the  return  on  the  invest- 
ment to  6  per  cent. 

"Other  elements  of  this  question  are  too  problematical  to  be  set 
forth  in  figures  with  safety,  yet  they  deserve  to  be  considered.  First, 
the  forests  of  eastern  Texas  are  nowhere  as  dense  as  they  might  be, 
and  it  will  require  only  a  little  care  to  increase  the  average  stand  from 
about  140  trees  to  the  acre  to  at  least  twice  that  number.  In  addition, 
the  actual  forest-bearing  area  can  be  increased  by  reclaiming  the  marshes, 
which  now  form  jo  large  a  part  of  the,  region  that  the  actual  forest 
yield  in  these  calculations  is  one-third  of  what  it  might  be.  Second, 
the  tie  supply  must  be  kept  up,   and   a  plan   which   pt  onuses   to   do   it 
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while  paying  upward  of  5  per  cent,  compound  interest  is  worthy  to 
form  part  of  the  maintenance  systems  of  the  railroads  which  are 
interested  in  that  section." 

It  appears  from  this  estimate,  which  seems  reasonably  conservative, 
that  the  investment  in  loblolly  pine  lands  will  produce  80  ties  per  acre 
for  an  indefinite  period  of  time  on  a  rotation  basis  of  forty  years,  and 
that  an  area  of  500,000  acres  will  be  necessary  to  produce  2,000,000  ties 
per  year.  An  investment  in  this  acreage  would  mean  a  definite  supply 
every  year  of  2,000,000  ties  and  where  these  are  chemically  treated  the 
company  owning  such  lands  would  at  first  be  able  to  supply  their  own 
demands  for  a  number  of  years  to  come  and  after  that  would  be  able 
to  sell  practically  this  entire  number  annually  to  other  companies  not 
so  fortunately  situated. 

In  addition  to  loblolly  pine,  rapidly  growing  species  of  native  forest 
trees  which  will  deserve  consideration  are  members  of  the  red  oak 
family,  red  gum,  sycamore,  chestnut,  shortleaf  pine,  beech  and  possibly 
spruce  and  balsam.  The  rate  with  which  these  species  will  reproduce 
themselves  is  not  definitely  known,  but,  estimating  loblolly  pine  at  forty 
years,  most  of  the  others  will  require  as  long  or  longer.  The  longer  the 
rotation  period,  the  more  land  will  be  required  to  obtain  a  sustained 
annual  yield.  This  will,  of  course,  vary  considerably  with  the  regions  in 
which  the  forest  tracts  are  located,  and  it  is  not  possible  to  give  any 
definite  figures  which  will  hold  good  generally. 

The  conclusion  to  be  drawn  from  this  discussion  is  that  the  pur- 
chase and  management  of  forest  lands  is  not  only  possible  but  eminently 
desirable  at  this  date.  Railway  companies  having  forest  lands  on  their 
lines  and  even  those  not  so  situated  should  investigate  the  possibilities  of 
engaging  in  management  of  lands  for  tie  production. 

(0     The  purchase  of  cut-over  lands  and  planting  of  trees  for  tie  purposes. 

The  last  consideration  with  reference  to  a  future  tie  supply  is  the 
one  which  appeals  most  strongly  at  first  sight  to  the  persons  interested 
in  obtaining  a  future  tie  supply;  viz.,  the  subject  of  tree  planting.  Many 
railroad  companies  have  from  time  to  time  made  experiments  looking 
toward  obtaining  ties  by  planting  various  species  of  trees.  Most  of  these 
experiments  have,  however,  been  failures  to  a  greater  or  lesser  degree 
for  various  reasons.  The  idea  was  to  get  rapidly  growing  trees,  irre- 
spective of  their  fitness  for  tie  purposes,  their  susceptibility  to  insect  and 
fungus  attack,  etc.  In  most  cases  the  work  of  planting  and  caring  for 
these  trees  was  done  by  men  wholly  unfamiliar  with  trees  and  tree  care. 
Poor  seed  and  the  wrong  seed  were  frequently  taken,  and  after  trees  had 
been  set  out  it  was  found  that  tree  species  were  selected  which  were 
wholly  unadaptable  to  the  soil  conditions  available.  Under  these  circum- 
stances  it  is  not  surprising  that  poor  results  were  obtained.     A  recent 


728  TIES. 

report  in  one  of  the  forest  journals  by  Mr.  Bryant,  of  the  U.  S.  Forest 
Service,  discusses  the  subject  of  tree  planting  and  presents  the  results 
obtained  in  so  clear  a  manner  that  a  portion  of  his  report  follows 
herewith : 

"Many  mistakes  were  made  in  establishing  a  growth  not  only  in 
early  plantations  but  in  more  recent  ones,  because  the  railroads  were  ill- 
advised  as  to  the  relative  merits  of  the  various  tree  species  suitable  for 
producing  cross-ties,  the  methods  of  cultivation  demanded  by  the  dif- 
ferent soils  in  the  various  parts  of  the  country  and  the  care  required  by 
the  plantations   in  order  to  insure  success. 

"The  interest  of  the  individual  railroads  has,  with  a  few  exceptions, 
been  enlisted  through  the  personal  efforts  of  enthusiastic  but  non-tech- 
nical men  who  have  placed  before  railroad  men,  busy  with  the  conduct 
of  a  road,  a  scheme  which  was  neither  adapted  to  their  needs  nor  prac- 
tical. In  other  business  matters  men  who  conduct  the  affairs  of  railroads 
have  shown  business  ability,  but  in  matters  pertaining  to  forestry  they 
usually  have  shown  poor  business  judgment  and  have  engaged  in  forest 
work  under  impossible  conditions,  because  they  have  allowed  themselves 
to  be  influenced  by  men  who  do  not  come  to  thein  as  properly  accredited 
foresters.  Quick  results  are  desired,  and  the  man  who  comes  before  them 
with  a  proposition  to  plant  trees  which  in  15  years  will  produce  several 
cross-ties  and  fence  posts  per  tree  can  secure  their  attention  and  enlisi 
their  interest  far  more  easily  and  quickly  than  a  trained  forester  who 
tells  them  that  such  results  can  be  secured  only  after  a  longer  period  has 
elapsed.  Time  and  dearly  bought  experience  have  proved  to  some  of 
the  railroads  that  satisfactory  results  cannot  be  secured  from  the  planta- 
tions in  a  few  years. 

"The  importance  of  the  selection  of  proper  species  for  planting  has  not 
been  given  due  consideration.  Trees  should  be  selected  which  will  furnish 
a  tie  of  considerable  hardness,  and  the  tree  from  which  the  cross-tie  is 
cut  should  be  of  comparatively  rapid  growth  and  be  capable  of  renewing 
itself  readily  after  cutting  in  order  that  a  new  crop  may  be  quickly  and 
cheaply  secured. 

"With  the  heavy  motive  power  and  rolling  stock  and  the  high  speed 
now  attained,  cross-ties  are  subject  to  considerable  wear  under  the  rail. 
This  may  be  overcome  in  softer  woods  to  a  considerable  extent  by  the 
use  of  suitable  tie-plates,  but  on  curves  and  other  places,  where  the  strain 
is  greatest,  a  soft  tie  cannot  be  used  with  safety. 

"Rapidity  of  grow.h  and  ease  of  reproduction,  while  important  factors, 
should  not  be  given  too  much  weight  over  hardness ;  such  species  as  the 
Ailanthus,  Paulownia  and  others  possess  those  qualities,  but  are  totally 
unfit  for  use  as  cross-ties,  the  wood  being  too  soft.  In  general,  it  may 
be  said  that  satisfactory  cross-ties  cannot  be  produced  in  the  United 
States  in  less  than  thirty  to  forty  years. 

"Durability  in   contact  with  the  ground    is   not   so   important   as   the 
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factors  above  mentioned  because  this  quality  may  be  secured  at  a  com- 
paratively low  cost  by  means  of  chemical  preservatives. 

"Many  tree  species  in  the  various  parts  of  the  United  States  are 
adapted,  to  a  certain  degree  at  least,  for  the  production  of  cross-ties. 
Notwithstanding  this,  in  making  the  majority  of  railroad  plantations, 
only  two  species  have  been  used,  and  for  various  reasons  they  are  among 
the  least  desirable  of  the  species  eligible  for  this  purpose. 

"These  two  species  are  catalpa  and  black  locust  and  the  reasons  for 
their  selection  are  not  difficult  to  discover.  The  selection  of  the  first 
species  may  be  attributed  largely  to  the  wide  advertising  the  tree  has  re- 
ceived at  the  hands  of  ardent  admirers  who  had,  and  apparently  still 
have,  unbounded  faith  in  the  possibilities  of  the  tree.  Unfortunately, 
they  were  able  to  convince  certain  railroad  officials  that  catalpa  cross-ties 
possessed  all  the  good  qualities  which  cross-ties  should  possess  and  none 
of  the  faults;  and  that  in  a  period  of  fifteen  years  each  tree  planted  would 
produce  five  cross-ties  and  other  valuable  material. 

"Under  favorable  soil  and  climatic  conditions,  catalpa,  when  prop- 
erly cultivated,  makes  a  rapid  growth,  but  so  far  has  never  produced 
the  cross-ties  within  the  period  named.  Catalpa  has  been  planted  for 
many  years,  on  a  great  variety  of  soils  and  on  a  wide  range  of  ter- 
ritory, and  although  many  plantations  have  reached  an  age  of  25  years 
or  more,  so  far  as  known,  the  trees  in  none  of  the  plantations  have 
reached  a  size  suitable  for  cross-ties.  The  tree  is  well  adapted  to 
pole  and  fence  post  production  in  a  short  rotation.  In  regions  where 
fence  posts  are  high  in  price,  farmers  may  profitably  devote  a  very 
small  portion  of  the  richer  soil  of  the  farm  to  such  purposes,  but  past 
experience  has  well  demonstrated  that  on  the  class  of  soils  usually 
devoted  to  forest  growth,  catalpa  cannot  be  grown,  advantageously,  for 
cross-ties. 

"This  tree  requires  a  rich,  fresh,  well  drained  soil,  and  as  such 
soils  are  well  adapted  for  agricultural  purposes,  railroads  will  find  that 
they  cannot  afford  to  hold  such  lands  for  forest  purposes,  when  cheaper 
lands  can  be  secured.  The  poor  soils  may  not  produce  timber  in  the 
same  length  of  time,  nor  in  as  large  quantities  as  the  rich  soils,  but 
the  cheapened  cost  of  production  when  the  inferior  soils  are  used  far 
more  than  offsets  the  time  and  extra  yield  gained  by  the  use  of 
agricultural  lands. 

"A  number  of  the  large  catalpa  plantations  made  by  railroads  have 
failed  of  their  purpose,  because  the  silvical  characteristics  of  the  tree 
and  their  relation  to  the  physical  character  of  the  soil  wore  not  under- 
stood. — 

"The  plantation  of  the  Illinois  Central  Railroad  at  DuQuoin,  Illinois, 
offers  a  good  example  of  this.  The  plantation  was  established  some 
years  ago  on  a  fine,  poorly  drained  silt  soil.  A  portion  of  this  site 
was  covered  with  Pin  Oak  (Quercus  palustris).  Post  Oak  (Q.  minor), 
Sweet   Gum    (Liquidambar   styraciflua),   and   other   trees   capable   of  en- 
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during  the  existing  soil  conditions.  Land  in  the  vicinity  is  poorly 
adapted  for  agricultural  purposes,  and  only  small  crops  reward  the 
diligent  eflforts  of  the  farmer. 

"The  site  is  totally  unfit  for  catalpa,  because  of  the  excessive  soil 
moisture,  and  the  trees  have  made  a  very  poor  growth.  The  trees  in 
this  plantation,  the  latter  about  200  acres  in  extent,  were  planted  at 
a  large  expense,  and  will  never  reach  cross-tie  size;  the  only  yield 
which  can  be  secured  will  be  a   comparatively  small  number   of  posts. 

"A  further  instance  may  be  cited  of  the  plantation  made  by  the 
Illinois  Central  Railroad  at  Harahan,  Louisi&na.  The  soil  consists  of 
a  rich  alluvial  deposit  and  was  formerly  employed  for  agricultural 
purposes.  Louisiana  is  outside  the  natural  range  of  catalpa,  and  the 
tree  when  planted  in  this  region,  where  the  growing  season  is  long, 
and  the  soil  very  rich,  made  such  rapid  growth  that  the  wood  was  so 
weak  and  "cheesy"  that  it  was  unable  to  support  the  heavy  foliage 
of  the  tree.  Winds  have  broken  the  weak  stems,  and  many  trees  in 
the  plantation  have  become  mere  broken  poles.  On  less  fertile  soil  the 
tree  might  have  grown  successfully,  but  under  existing  conditions  the 
plantation  is  not  a  success. 

"Various  other  instances  where  extremely  poor  judgment  has  been 
exhibited  might  be  mentioned,  and  in  nearly  all  cases  the  significant 
fact  is  evident  that  the  physical  character  of  the  soil  has  been  disre- 
garded in  the  selection  of  sites  for  catalpa  plantations. 

"The  only  extensive  plantations  of  black  locust  made  by  railroads 
have  been  established  in  the  State  of  Pennsylvania  by  the  Pennsylvania 
Railroad.  This  railroad  owns  numerous  tracts  of  land  along  its  right- 
of-way  which  have  been  acquired  during  .improvement  of  the  roadbed 
or  for  the  purpose  of  controlling  some  watershed  from  which  water 
for  the  motive  power  and  for  the  shops  is  secured. 

"Many  of  the  former  tracts  consist  of  portions  of  farms  which  at 
one  time  were  used  for  agricultural  purposes,  and  under  ordinary  con- 
ditions would  be  more  valuable   for   that   purpose   than  for   forestry. 

"The  railroad  frequently  secured  more  lands  than  were  needed  for 
the  purpose  of  improvement,  because  usually  a  whole  farm  could  be 
purchased  for  a  sum  but  little  in  excess  of  the  cost  of  damages  which 
the  company  would  be  forced  to  pay  for  a  portion  of  the  farm.  In 
some  cases  also  it  was  found  advisable  to  acquire  lands  in  order  to 
do  away  with  objectionable  rights.  The  poHcy  of  the  railroad  has  been 
to  refrain  from  leasing  or  selling  these  lands,  and  since  the  railroad 
itself  carries  on  no  agricultural  operations,  the  lands  remained  unpro- 
ductwe  until  a  few  years  ago,  when  the  subject  of  planting  these  lands 
to  trees  capable  of  producing  material  for  cross-ties  was  taken  under 
consideration. 

"In  selecting  a  species  for  planting,  several  important  factors  were 
overlooked,  one  of  which  is  of  sufficient  importance  to  render  the  work 
already   done   of  questionable   value.    The   railroad   had    sufficient   fore- 
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sight  to  select  an  indigenous  species,  but  the  choice  of  black  locust  in 
preference  to  other  native  species  shows  that  the  selection  was  not 
made  after  a  careful  study  of  the  merits  of  all  the  tree  species  eligible 
for  the  desired  purpose.  Black  locust  is  a  hard  wood,  durable  in  con- 
tact with  the  soil,  but  in  tracks  which  are  not  well  drained  and  bal- 
lasted, difficulty'  is  experienced  in  removing  and  respiking  seasoned 
ties  when  the  track  has  been  disarranged  by  the  heaving  action  of 
frost.  However,  ties  made  from  this  wood  are  very  satisfactory,  when 
they  can  be  secured,  and,  if  available  in  sufficient  quantities,  improved 
methods  of  spiking  would  be  devised.  Although  the  tree  is  a  rapid 
grower  and  thrives  on  a  variety  of  soils,  it  is  so  subject  to  the  attack 
of  an  insect  (Cyllene  robiniae)  that  trees  •  seldom  reach  a  sufficiently 
large  size  to  make  cross-ties.  Trees  which  do  reach  this  size  are  usually 
so  weakened  by  numerous  cavities  made  by  the  borings  of  the  insects 
that  the  wood  cannot  be  used  with  safety. 

"Due  to  ignorance  the  railroad  believed  that  it  was  planting  'Yel- 
low' Locust  and  not  'Black'  Locust.  It  was  claimed  that  the  former 
was  not  only  a  different  species,  but  the  wood  was  superior  and  more 
free  from  attacks  of  the  locust  borer.  There  may  be  some  difference 
in  the  character  of  the  wood  of  black  locust  when  grown  on  differait 
sites,  but  it  is  a  well-known  fact  that  the  yellow  locust  and  black  locust 
are  not  distinct  species,  and  it  is  questionable  if  the  wood  from  any  one 
tree  is  more  free  from  insect  attacks  than  that  from  any  other.  Through- 
out the  State  of  Pennsylvania,  the  locust  borer  occurs  in  greater  or 
less  numbers  wherever  the  black  locust  tree  grows,  and  although  the 
trees  are 'attacked  to  a  greater  extent  in  some  regions  than  in  others, 
there  does  not  appear  to  be  any  reason  for  the  belief  held  by  some 
that  the  condition  of  partial  immunity  is   permanent. 

"Many  instances  were  seen  in  Pennsylvania  where  the  riatural  growth 
of  black  locust  from  three  to  four  inches  in  diameter  were  badly  attacked 
by  locust  borers,  and  already  the  insects  have  appeared  in  the  earlier 
plantations  which  have  reached  this  size.  The  indications  are  that  as 
rapidly  as  the  planted  trees  reach  this  size,  they  will  become  infested, 
and  although  it  is  quite  certain  that  some  trees  will  reach  a  size  suffi- 
ciently large  for  cross-ties,  yet  it  is  equally  certain  that  the  yield  of  ties 
secured  from  these  plantations  will  be  insignificant  in  comparison  to  the 
yield  which  might  have  been  secured  by  the  exercise  of  the  same  amount 
of  time,  energy  and  money,  had  more  suitable  species  been  used. 

"Entomologists  have  not  discovered  any  practical  method  of  com- 
bating this  insect,  and  until  a  suitable  scheme  is  devised  it  is  unwise 
for  any  person  or  corporation  to  expend  large  sums  of  money  in  plant- 
ing this  tree,  for  the  failure  of  the  enterprise  can  be  safely  foretold. 

"The  region  in  which  the  plantations  are  located  is  adapted  to  the 
growth  of  •chestnut,  red  oak,  and  many  other  trees,  and  on  soil  suited 
for  their  growth  it  is  a  better  policy  to  encourage  the  formation  of 
forests   of  the   first   two    species,    either   by   natural   or   artificial    means. 
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because  they  are  reasonably  free  from  the  danger  of  destruction  from 
insect  or  other  pest,  and  returns  from  them  can  be  calculated  with 
considerable  accuracy. 

"Chestnut  and  red  oak  are  slower  growers  and  produce  a  softer  and 
less  durable  wood  than  black  locust,  but  under  ordinary  conditions  cross- 
ties  can  be  secured  in  thirty-five  to  forty  years.  The  softness  can  be 
overcome  by  the  use  of  proper  tie-plates,  and  durability  can  be  readily 
secured   by  treating  the   v/ood    with   chemical   preservatives." 

The  examples  just  quoted  by  Mr.  Bryant  show  to  a  very  great 
degree  what  has  been  the  past  experience  in  a  general  way  of  railway 
companies  who  have  engaged  in  tree  planting.  The  illustrations  which 
he  refers  to  are  typical  of  those  which  iiave  occurred  with  other  railway 
companies.  As  a  result  of  this  unsatisfactory  condition  the  Pennsyl- 
vania Railroad  this  year  appointed  a  forester  whose  function  will  be 
to  devise  ways  and  means  for  managing  tree  planting  work  which  that 
railroad  is  engaged  in.  This  railroad  is  now  following  a  distinct  pol- 
icy, which  is   summed   up  in  the  following   statement : 

The  planting  of  locust  trees  on  a  large  scale  has  bee'i  discontinued. 
During  the  last  year  there  were  planted  252,154  red  oak  trees,  175,516 
black  locust,  6,970  European  larch,  4,570  pin  oak,  3,500  Scotch  pine,  3,000 
tamaracks,  2,316  chestnut.  These  trees  were  selected  on  account  of 
their  moderately  rapid  growth  and  because  all  of  them,  with  the  excep- 
tion of  chestnut,  are  adapted  to  creosoting.  As  far  as  possible,  each 
species  is  planted  on  soil  to  which  it  is  best  suited.  Pin  oak  and 
American  tamarack  are  being  used  on  wet  situations,  where  better  trees 
would  not  thrive.     Quoting  from  a  report  of  the   forester : 

"It  is  impossibile  to  state  definitely  at  present  the  number  of  acres 
available  for  tree  planting,  since  these  lands  include  some  25,000  acres 
of  watershed  which  are  already  partially  timbered,  and  many  farms 
which  have  been  acquired  in  connection  with  the  construction  of  new 
low  grade  lines  or  in  straightening  or  widening  the  main  line.  On  the 
average,  the  trees  have  been  spaced  6'x6'  apart,  or  about  1,200  to  the 
acre,  and  in  all  cases  nursery  stock  alone  has  been  used.  We  plan, 
however,  to  experiment  with  direct  field  planting  of  acorns  and  chest- 
nuts; but  this  is  likely  to  be  unsatisfactory,  owing  to  the  destruction 
of  the  seeds  by  rodents.  In  the  past,  most  of  the  nursery  stock  has 
been  purchased  from  commercial  dealers,  but  in  the  future  we  intend 
to  grow  most  of  our  own  nurseries. 

"Since  the  land  on  which  the  planting  has  been  done  is  to  be  held 
for  railroad  purposes,  in  any  event,  we  have  not  charged  its  actual 
cost  against  the  returns.  As  a  general  proposition,  however,  I  would 
say  that  a  maximum  of  $10  per  acre  would  "be  a  fair  valuation  and 
leave  a  fair  balance  of  profit  over  the  present  cost  of  ties.  Assuming 
our  land  is  worth  $10  per  acre,  the  cost  of  planting  and  material,  annual 
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taxes  of  3c   and  annual   charges    for    maintenance  of   protection   of   15c, 
we  have  the   following  expenses   per   acre   at  the  end   of   forty  years : 

Cost  of  land  at  $10,  4J/2  per  cent,  for  40  years $  58.16 

Cost  of  plant  material  and  planting,  $10,  at  4'/2   per  cent,   for  40 

years    58.16 

Taxes,  3c  per  acre,  at  4^  per  cent,  for  forty  years 'i.2i 

Management  and  protection,  iSc  per  acre  at  4^  per  cent,  for  40 

years    16.05 

Cost  of  sawing  or  hewing  400  ties  at   loc  each 40.00 

Cost   of   hauling   400  ties   at    5c   each 20.00 

Total    $195-58 

"On  the  above  estimate,  all  ties  would  be  produced  at  an  average 
cost  of  about  48c  each,  which  would  be  a  saving  over  present  prices 
for  red  oak  and  chestnut  of  about  4c  per  tie,  in  addition  to  paying  a 
45^  per  cent,  interest  on  the  investment.  The  estimate  of  40  years  from 
planting  to  maturity  will  hold  for  red  oak  and  most  of  the  pines, 
while  chestnut  should  mature  in  30  to  35  years.  The  trees  at  the  end 
of  this  period  should  average  about   15  inches  on  the  stump." 

The  Chicago,  Burlington  &  Quincy  Railroad  about  a  year  ago 
started  planting  catalpa  trees.  The  following  account  of  this  planting 
is  given  by  this  company : 

"In  May,  1906,  we  planted  about  112  acres  with  one-year-old  catalpa 
trees  on  land  near  Pacific  Junction,  Iowa,  valued  at  $75.00  per  acre, 
which,  prior  to  that  date,  had  been  leased  for  an  annual  rental  of 
$3.00,  representing  4  per  cent,  on  above  valuation. 

"Adverse  circumstances,  such  as  poor  soil  conditions  at  time  of 
planting,  and  a  most  destructive  hailstorm  which  occurred  this  summer, 
have  so  damaged  the  78,125  trees  tHat  almost  two  years'  growth  have 
been  lost,  so  that  we  may  say  the  grove  has  only  just  started,  having 
a  good  rootage  that  will  insure  rapid  growth  unless  further  disaster 
occurs. 

"Further  planting  of  trees  has  been  deferred  for  two  or  three 
years,  in  order  that  the  development  of  this  grove  might  be  watched 
and  some  conclusions  as  to  probable  results  be  reached,  before  incurring 
additional  expenditures. 

"It  is  estimated  that  at  the  end  of  ten  years,  one-half  of  the  trees 
will  have  to  be  cut  out,  so  as  not  to  retard  growth,  and  should  produce 
at  least  420  posts   per   acre. 

"At  the  end  of  twenty  years  the  trees  are  expected  to  have  grown 
to  such  size  as  I0  produce  420  ties  per  acre,  420  posts  per  acre,  besides 
cordwood  amounting  to  ij4  cords  per  acre. 

"At  the  end  of  twenty  years  it  is  estimated  that  the  total  outlay, 
including  interest  on  investment,  will  amount  to  $219.30  per  acre,  and 
the  probable  revenue  may  be  summed   up  as   follows : 
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420  ties   at  60c $252.00 

420  posts  at  Sc   (cut  at  10  years),  and  5  per  cent,  compound  in- 
terest on  revenue  from  same  for  10  years 34-20 

420  posts  at  5c,  cut  at  20  years 21.00 

Cordwood    3  00 

Total    revenue    per   acre    $310.20 

Total   estimated  outlay $219.30 

Net   revenue   per   acre $90.90 

"The  net  revenue  shown  above  is  based  on  present  prices  of  mate- 
rial and  labor.  It  is  probable  that  this  would  be  absorbed  in  the  product 
of  ties,  etc.,  resulting  in  ft  correspondingly  less  unit  cost." 

The  Louisville  &  Nashville  started  planting  three  years  ago,  using 
catalpa  speciosa,  black  locust,  yellow  poplar,  Russian  mulberry  and 
walnut.  They  consider  their  planting  as  an  experiment.  Black  locust, 
poplar  and  walnut  are  being  grown  in  Kentucky  in  Bell,  Whitley  and 
Edmonsen  counties.  Catalpa  speciosa  has  been  planted  in  several  planta- 
tions, the  largest  being  at  Carney,  Baldwin  County,  Alabama,  at  which 
point  1,000  acres  were  purchased  for  the  special  purpose  of  raising  these 
trees.     The   Louisville    &   Nashville    Railway    Company    states: 

"The  results  thus  far  accomplished  are  not  such  as  to  enable  one 
to  give  specific  information  as  to  the  cost,  probability  of  success,  etc. 
Our  idea  has  been  not  so  much  to  provide  cross-ties  for  our  future 
requirements  as  to  encourage  the  owners  of  vast  denuded  areas  in  the 
South  to  follow  our  lead  and  utilize  their  lands  for  the  same  purpose. 
Nevertheless,  if  the  result  of  our  work  should  prove  satisfactory,  we 
will  enlarge  our  plantings  so  as  to  eventually  provide  lor  all,  or  a 
substantial  portion,  of  our  requirements. 

"It  is  claimed  for  the  catalpa  speciosa  that  it  will  grow  in  any  soil 
and  under  almost  any  conditions,  but  our  experiments  have  not  as  yet 
progressed  to  a  point  sufficient  to  confirm  or  refute  this  claim.  We 
estimate  that,  with  proper  care,  the  trees  should  mature,  so  as  to  fur- 
nish three  or  more  ties  per  tree  in  19  or  20  years.  The  black  locust 
will  hardly  be  of  value  except  for  fence  posts,  as  the  growth  is  ex- 
tremely slow.  We  have  planted  something  over  one  and  a  half  million 
trees,  and  expect  to  continue  planting  until  we  utilize  all  of  our  avail- 
able lands. 

"The  lands  at  Carney  were  acquired  at  a  cost  of  $5.00  per  acre.  We 
have  planted  about  300  acres,  and  200  additionfil  acres  are  now  in  course 
of  preparation.  The  price  of  black  locust  varies,  according  to  size,  from 
$1.50  to  $5.00  per  thousand;  yellow  poplar  about  $5.00  per  thousand. 
We  have  expended  to  date  approximately  $30,000,  exclusive  of  the  cost 
of  the  land." 

The    Santa    Fe    has    recently   purchased   a    large    ranch    in    Southern 
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California  for  the  purpose  of  raising  eucalyptus  trees  for  tie  purposes. 
During  the  last  year  about  750,000  trees  were  planted.  Owing  to  the 
newness  of  this  experiment,  it  is  not  possible  to  give  any  detailed 
figures. 

One  road  has  given  the  following  data  concerning  the  planting  of 
catalpa  trees  in  1902  and  1903 : 

PLANTATION     NO.     I. 

200  acres  planted  in  April,  1902 — 110,025  trees $    707.02 

Freight  on  same   7.35 

Services  of  expert    243.38 

April,  1903 — 63,475  trees  for  replanting 380.99 

$  1,343-66 

Cost  of  preparing  land  and  planting  trees — 

1902,  paid  for  crop  growing  on  land $   200.00 

1902,  labor   1,887.74 

1903,  labor   450.22 

2,537.96 

Cost  of  cultivation — 

Year  ending  June  30,   1903 $3,030.13 

Year  ending  June  30,  1904 4,805.25 

Year  ending  June  30,  1905 1,643.76 

Year  ending  June  30,  1906 2,334.65 

Year  ending  June  30,  1907 525.40 

12,339.19 

$16,220.81 

PLANTATION    NO.    2. 

150  acres  planted  in  1903 — 

Cost  of  trees,  133,490  at  $6.00  per  M $   800.76 

Cost    of    preparing    land    and    planting 3,220.23 

Cost  of  cultivation — 

Year  ending  June  30,  1904 $739-50 

Year  ending  June  30,  1905 780.78 

Year  ending  June  30,   1906 873.50 

Year  ending  June  30,   1907 330.90 

2,724.68 

$  6,745-67 

SUMMARY. 

Cost  of  Plantation  No.   i  to  July  i,  1907 $16,220.81 

Cost  of  Plantation  No.  2  to  July  i,  1907 6,745.67 

Total  $22,966.48 

It  is  entirely  problematical  whether  these  trees  are  going  to  make 
ties  or  as  to  the  number  of  ties  which  they  will  cut  per  acre.  As  a 
result  of  their  experience  since  1902,  they  appear  to  be  very  much  dissat- 
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isfied    wiih   the  showing   made,   and   believe    that   the   planting    was    im- 
properly done,  and  the  results  obtained   are   not  very   encouraging. 

While  the  figures  given  above  are  not  very  exhaustive,  they  show 
in  a  general  way  that  tree  planting  as  such  by  railway  companies  has 
not  been  a  very  successful  matter.  The  general  conclusion  which  the 
Committee  has  come  to  is  that  the  planting  should  be  regarded  as 
supplementary  to  other  methods  for  securing  a  tie  supply,  particularly 
to  the  management  of  forest  lands.  The  selection  of  grounds  for  plant- 
ing trees  will  be  a  difficult  matter  in  many  respects,  because  in  regions 
where  trees  naturally  grow  rapidly,  lands  v/ill  be  found  too  valuable 
for  agricultural  purposes.  It  will  therefore  be  necessary  to  turn  to 
denuded  forest  tracts  or  to  forest  regions.  With  the  latter  alternative,  it 
seems  very  much  more  advisable  to  buy  forest  regions,  or  where  cut- 
over  lands  are  purchased,  to  encourage  the  growth  of  the  natural  forest 
trees,  rather  than  to  go  into  extensive  experiments  for  the  planting  of 
new  trees. 

Third — The  importation  of  ties   from  other  countries. 

The  importation  of  ties  from  countries  other  than  the  United  States 
should  be  considered  in  this  connection.  While  the  available  tie  supply 
of  most  countries  is  not  very  large,  conditions  may  be  such  as  will 
make  it  possible  to  obtain  considerable  numbers  of  ties  from  various 
countries.  That  this  can  be  done  has  recently  been  illustrated  by  con- 
tracts made  for  Japanese  oak,  elm,  ash  and  pine  ties,  which  are  being 
imported  by  two  railway  companies  on  a  large  scale  at  the  present  time 
at  prices  about  equivalent  to  the  highest  prices  now  being  paid  for 
white  oak.  Various  kinds  of  hardwood  ties  have  from  time  to  time 
been  imported  experimentally  from  South  American  countries  and  from 
Mexico  and  Central  America.  There  are  large  quantities  of  pine  avail 
able  in  the  mountains  of  Mexico,  and  a  detailed  examination  of  the 
forest  resources  of  many  of  the  South  American  republics  would  doubt- 
less show  large  quantities  of  timber  which  could  be  obtained  should 
this  become  necessary.  The  ties  which  would  come  from  such  timbers, 
however,  would  consist  mostly  of  very  hard  timbers,  necessitating  a 
different  system  of  handling  with  respect  to  rail  fastenings  than  is  cus- 
tomary at  the  present  time. 

One  of  the  present  objections  to  counting  on  timbers  in  South 
America  and  adjoining  countries  is  the  difficulty  experienced  in  cutting 
and  logging  these  timbers,  generally  located  at  a  distance  from  the 
seaboard,  which  would  /lecessitate  very  expensive  operations,  resulting 
in  a  very  high  first  cost  for  these  ties  when  landed  in  the  United  States. 
The  same  is  true  for  such  excellent  tie  timbers  as  carri  and  jara,  made 
from  various  pieces  of  eucalyptus  grown  in  West  Australia.  The  large 
forest  resources  of  Canada  may  at  some  time  become  .i.vailable.  It  is 
pointed  out,  however,  that  while  these  foreign  sources  of  supply  may 
be  considered,  they  are  but  remote  factors  when  compared  with  the 
possibility  of  assuring  a  definite  supply  within  the  territory  of  the 
United   States. 


(E)     TIMBER-PRESERVING  PLANTS  IN  THE  UNITED  STATES 

AND   MEXICO. 


Owner. 


Alamagoido  Lumber  Co. 

American  Creo.  Co 

American  Creo.  Co 

American  Creo. Wks., Ltd 

American  Creo.  Co 

American  Creo.  Co 

American  Creo.  Co 

A.  T.  &  S.  F.  Ry 

A.  T.  &  S.  F.  Ry 

A.  T.  &  S.  F.  Ry 

Atl.  C.  &  W.  P.  Co 

Ayer  &  Lord 

Ayer  &  Lord 

Ayer  &  Lord 

Barber  Asph.  Co 

C.  B.  &Q.  Ry 

C.  B.  &  Q.  Ry 

Chi.  &  Pac.  Ry 

C.  &  N.  W.Ry 

Chicago  T.  P.  Co 

Chicago  T.  P.  Co 

Chicago  T.  P.  Co 

Chi.  Tie  &  T.  P.  Co 

Colman  Creo.  Co 

Columbia  Creo.  Co 

D.  &  R.  G.  Ry 

Eppinger  &  Russell 

Galveston  Creo.  Co 

Gr.  Nor.  Ry 

Gulfport  Creo.  Co 

Indiana  Tie  Co 

Ind.Tie  &  Creo. Co 

Int.  Creo.  &  Con.  Co.  .  .  . 
Int.  Creo.  &  Con.  Co.  .  .  . 
Kansas  City  Creo.  Co. . .  . 
Kettle  River  Quarries  Co. 

L.  &  N.R.  R 

Mex.  Cen.  Ry 

M.,  K.  &T.  Ry 

N.  O.  W.  Pres.  Co 

Norfolk  Creo.  Co 

Nor.  Pac.  Ry 

Nor.  Pac.  Ry 

Ore.  Short  Line 

Otis,  Allen  &  Co 

Otis,  Allen  &  Co 

Pacific  Creo.  Co 

Puget  Sound  T.  P.  Co... 
Shreveport  Creo.  Co ...  . 

Sou.  Creo.  Co 

S.  P.Co 

S.  P.Co 

S.  P.  Co 

Sou.  T.  &T.  Co 

T.  &N.  O.  W.  P.  Co.... 

U.  P.  R.R 

U.  P.  R.  R 

U.  S.  W.  P.  Co 

U.  S.  W.  P.  Co   

Wyckoff  P.  &  C.Co 


Location. 


Alamogordo,  N.  M.  . . 

Newark,  N.  J 

New  Orleans,  La 

Springfield,  Mo 

Hugo,  L  T 

Marion,  111 

Kansas  City,  Mo 

Las  Vegas,  N.  .M 

Bellemont,  Ariz 

Somerville,  Tex 

Norfolk,  Va 

Carbondale,  111 

Grenada,  Miss 

Argenta,  Ark 

Maurer,  N.  J 

Sheridan,  Wyo 

Galesburg,  111 

Chihuahua,  Mex 

Escanaba,  Mich 

Mt.  Vernon,  111 

Terre  Haute,  Ind 

Paris,  111 

Waukegan,  III 

Seattle,  Wash 

Shirley,  Ind 

Alamosa,  Colo 

Long  IslandCity,  N  Y, 

Galveston,  Tex 

Kalispell,  Mont 


Year 
Built. 


Gulfport,  Miss 

Evansyille,  Ind 

Bloomington,  Ind 

Texarkana,  Ark 

Beaumont,  Tex 

Kansas  City,  Mo 

Sandstone,  Minn 

W.  Pascagoula,  La...  . 
Aguas  Calientas,  Mex., 

Greenville,  Tex 

New  Orleans,  La 

Norfolk,  Va 

Brainerd,  Minn 

Paradise.  Mont 

Portable  Plant 

Portsmouth,  N.  H. . . . 

Lowell,  Mass 

Eagle  Harbor,  Wash.  . 

Everett,  Wash 

Shreveport,  La 

SUdell,  La 

Houston,  Tex 

Oakland,  Cal 

Cal.  and  Oregon 

Texarkana,  Ark 

Houston,  Tex 

Laramie,  Wyo 

Portable  Plant 

Perth  Amboy,  N.  J. .  . 

Norfolk.   Va 

Portsmouth,  Va 


1902 
1898 
1902 
1907 
1907 
1907 
1907 
1885 
1898 
1905 


Process. 


1902 
1903 


1907 
1899 
1907 
1907 
1903 
1899 
1904 
1904 


1904 


1878 
1904 
1901 

1907 

1907 
1907 
1902 
1897 
1907 
1905 
1876 
1907 
1901 


1896 
1907 
1907 
1902 


1848 
1904 


1906 


1891 
1889 
1894 
1902 


Zinc-tannin 

Creosoting 

Creosoting 

Creosoting 

Creosoting 

Creosoting 

Creosoting 

Burnettizing 

Burnettizing 

Rueping 

Creosoting 

Various 

Various 


Creosoting 
Burnettizing 


Zinc-tannin 
Zinc-tannin 
Zinc-tannin 


Creosoting 
Creosoting 


Creosoting 
Creosoting 
Zinc-tannin 
Rueping  & 
Creosotins 


IjOwry 

Various 

Various 

Creosoting 

Creosoting 

Creosoting 


1903 
1902 
1890 


1881 


Creosoting 
Creosoting 
Creosoting 
Creosoting 

Burnettizing 
Kyanizing 
Kyanizing 
Creosoting 
Creosoting 

Various 
Creosoting 

Burnettizing 
Creosoting 

Burnettizing 
Various... . 


Burnettizing 
Burnettizing 
Creo. -Resin 
Creo.-Resin 
Creesoting 


No. 
Re- 
torts 


Kind  of 

Wood 

Treated. 


Pine,  etc. 
Yellow  Pine 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine 
Pine 

Pine,  etc. 
Pine,  etc. 
Red  Oak 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Pine,  etc. 
Black  Oak 
Black  Oak 
Various 
Various 
Pine,  etc. 
Black  Oak 

Pine,  etc. 
Pine 
Pine,  Fir 

Pine,  etc. 


Pine,  etc. 

Pine 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 

Pine  Gum 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 
Spruce 
Spruce 

Fir 

Pine,  etc. 

Pine,  etc. 

Pine,  etc. 

Pine 

Pine,  etc. 

Pine,  Fir 

Pine 


Pine,  etc. 
Pine,  etc. 
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(F)     CHANGES    WHICH    TAKE    PLACE   IN    COAL-TAR 

CREOSOTE   DURING   EXPOSURE. 
By  Hermann  von  Schrenk,  E.  B.  Fulks,  A.  L.  Kammerer. 

The  chemical  preservation  of  wood  has  been  practiced  in  this 
country  for  twenty-five  years  or  more.  During  this  period,  a  large 
number  of  substances  have  been  employed  for  this  purpose.  The 
principal  substances  used  have  been  copper  sulphate,  mercuric  chloride, 
zinc  chloride  and  coal-tar  creosote.  The  choice  of  any  of  these 
preservatives,  used  either  singly  or  in  combination,  has  been  determined 
very  largely  by  the  question  of  initial  cost.  While  the  wood-preserving 
industry  was  in  its  infancy  and  was  still  regarded  as  a  somewhat  doubt- 
ful undertaking  by  most  engineers,  the  substances  selected  were  usually 
those  which  had  the  lowest  cost.  We  find  that  in  the  early  period 
of  wood  preserving,  which  we  may  regard  as  extending  almost  up  to 
the  present  time,  the  chief  substance  employed  was  chloride  of  zinc. 
Coal-tar  creosote  was  used  now  and  then  where  it  was  impracticable 
to  use  chloride  of  zinc  on  account  of  its  solubility  in  water ;  i.  e.,  it  was 
used  chiefly  for  the  treatment  of  piling   in   marine  work. 

During  the  last  few  years  there  has  been  a  general  demand  for 
obtaining  longer  service  from  preserved  timbers,  which  has  resulted  in 
a  more  extensive  use  of  coal-tar  creosote.  Whereas  ten  years  ago 
the  amount  of  this  substance  used  in  the  wood-preserving  industry 
was  comparatively  insignificant,  during  recent  ij^ears  amounts  reaching 
15,000,000  gallons  or  more  per  annum  were  emploj'ed. 

Coal-tar  creosote  is  now  generally  regarded  by  American  engineers, 
as  well  as  others,  as  the  best  preservative  for  wood.  This  belief  in 
its  high  efficiency  is  based  on  the  long  experience  obtained  in  Europe 
and  to  a  certain  extent  in  this  country.  Instances  where  timbers 
impregnated  with  coal-tar  creosote  lasted  thirty  to  thirty-five  years 
and  longer  arc  by  no  means  rare.  The  recent  reports  of  the  French 
and  other  European  railways,  showing  that  their  creosoted  ties  have 
given  an  average  length  of  service  of  twenty-five  to  thirty-five  years,  are 
good  examples  of  the  value  of  this  substance  as  a  wood  preservative.* 
As  a  result  of  this  confidence,  a  number  of  railroads,  who  have  hitherto 
been  using  chloride  of  zinc,  have  abandoned  the  use  of  this  preservative 
and   have  begun   the   use   of  creosote,    and    a    still    larger   number    have 


*  It  should  be  emphasized  thnt  this  long:  service  was  obtained  by  the 
use  of  comparatively  large  ciuantities  of  coal-tar  creosote.  "While  it  may 
be  that  both  quantity  and  quality  have  contributed  to  this  long  life,  it  is 
thought  best  to  confine  the  present  discussion  to  the  quality  of  the  preserva- 
tive. 


11 ES.  7:i9 

decided  to  build  treating  plants  where  all  ties,  piling  and  lumber  will 
be  creosoted.  With  this  increased  use,  it  is  but  natural  that  numerous 
problems  have  arisen  dealing  with  the  question  as  to  what  coal-tar 
creosote  really  is,  and  what  qualities  it  should  have  to  insure  the  best 
results.  The  question  of  specific  interest  at  the  present  time  is :  What 
quality  of  material  is  it  which  has  given  the  long  service  to  the 
creosoted  timbers  abroad  upon  which  the  faith  in  the  efficiency  of 
coal-tar  creosote  is  based?  The  American  engineer,  in  deciding  upon 
the  use  of  creosote,  naturally  is  anxious  to  be-  assured  that  he  will 
get  material  of  essentially  the  same  composition  as  that  which  has 
given  good  results  abroad.  This  was  well  stated  at  the  last  International 
Railway  Congress  by  the  President  of  the  section  dealing  with  wooden 
cross-ties  when  he  said : 

"We  should  like  to  produce,  an  impregnating  liquid  that  would 
give  us  the  result  either  obtained  by  our  French  brethren  or  our 
British  ones."  ■]  :§  j 

When  we  come  to  examine  the  character  of  the  coal-tar  creosote 
oils  used  abroad,  for  which  such  good  results  are  claimed,  we  find  a 
very  wide  divergence  of  ideas  as  to  what  constitutes  a  good  coal-tar 
creosote.  From  the  following  table  (in  which  some  of  the  specifications 
in  use  from  time  to  time  are  presented)  it  will  be  seen  that  the  various 
constituents  demanded  in  different  countries  vary  considerably : 

Without  going  into  a  lengthy  discussion  as  to  the  reasons  for  this 
variation,  one  may  say  that  the  English  railways  have  obtained  good 
results  with  the  creosote  which  they  employ,  and  the  same  is  true  of 
the  German  and  the  French  railways,  although  apparently  the  creosote 
used  by  the  different  countries  varies  considerably  in  composition.  This 
variation  is  largely  due  to  the  fact  that  the  creosote  in  the  dififerent 
countries  is  manufactured  from  different  coals  and  by  dififerent  methods 
for  making  gas,  coke,  etc.  As  was  indicated  by  Mr.  Boulton  some 
twenty  years  ago*,  the  reason  the  English  roads  adopted  a  certain  kind 
of  creosote  was  that  they  used  the  creosote  which  was  actually  being 
manufactured  from  the  London  Gas  Works  tar,  and  that  the  first  use 
of  these  creosotes  was  undertaken  as  a  venture.  When  it  was  found 
after  some  fifteen  or  twenty  years  that  these  creosotes  gave  good 
results,  the  English  roads  simply  continued  the  use  of  these  London 
oils.  The  same  may  be  stated  for  the  French,  German  and  other 
railways.  In  other  words,  the  determination  as  to  the  quality  of  any 
particular  oil  was  generally  not  taken  into  consideration.  It  was 
simply  a  question  of  using  the  oils  which  were  at  hand.  This  view 
is  still  taken  by  most  Europeans,  as  was  well  indicated  by  Mr.  Louth 
of  the  Great  Western  Railway  of  England,  who,  at  the  Seventh 
International  Railway   Congressf,  stated : 

"This  question  of  the  constituents  of  creosote  is  an  important   sub- 


•  S.   B.   Boulton   "On  the  Antiseptic  Treatment  of  Timber,"   Proceedings 
Institute  of  Civil  Engineers,  Vol.  78,  Part  IV.  1884. 

t  Bulletin  International  Railway  Congress,  Vol.  20,  No.  5,  page   744,    1906 


TABLE  I.— SHOWING   VARIOUS   SPECI 


Year 

Name 

Specific  gravity 

Naphthalene 

Tar  acids 

Liquifying 
point 

1865 

Dr.  Letheby 

1.045-1.055     at 
60°  F.  (as  near 
1 .050    as    po.s- 
sible.) 

None   at   40° 
F. 

Not  less  than 
5%. 

1883 

Dr.  Tidy 

8%. 

100°  F. 

1 

■3) 

1884 

Sir  Frederick  Abel. 

1.035-1.065. 

Not  less  than 
9%. 

100°  F. 

1^ 

1899 

Great  Western  Ry. 

1.04-1.08  at  60° 
F. 

Not  less  than 
8%. 

85°  F.  Must 
remain  so  at 
75°  F. 

1905 

English  Brothers. 

1.035-1.065. 

10%-15%. 

40°  F. 

1905 

London,       Brighton 
and  South  Coast. 

1.04-1.06  at  90° 
F. 

6%. 

120°  F. 

a 
'So 

1869- 
1884 

Belgian  Government 

Not    more 
than  30%  at 
ordinary 
temp. 

1864- 
1884 
1905 

Western  Railway  of 
France. 

25%-30%. 

5%. 

1898 

French  Eastern  Ry. 

1.05-1.10. 

Not      more 
than  30%. 

£ 

1902 

Paris — Lyons-Medi- 
terranean Ry. 

1.015-1.060     at 
15°  0. 

10%-25%    at 
15°  C. 

6%. 

40°   C.    (104* 
F.) 

French  Northern. 

6%      carbolic 
or  analogous 
products. 

122°  F. 

a 

1905 

Royal  Prussian  Rys. 

1.04-1.10  at  15° 
C. 

At  least  6%. 

40°  C.  (104° 
F.) 

o 

Alsace-Lorraine  Ry. 

1.02-1.055  atl  5° 

As     free     as 
possible 
from    naph- 
thalene. 

Never     more 
than  5%. 

20%-25%. 

59"  F. 

1896 

American  Telephone 
<fe  Telegraph  Co. 

1.03-1.06. 

Not  less  than 
than  40%. 

100°  F. 

1900 

Louisville    &    Nash- 
ville Ry.  Co. 

1.03  at  60°  F. 

Not  less  than 
,40%. 

95°  F. 

a 
8 

0 

Norfolk     Creosoting 
Company. 

1.015-1.05  at  2° 
above    liquify- 
ing point. 

Not  less  than 

40%. 
Not      more 

than       60% 

bet.       410°- 

4,70°  F. 

Not      more 
than  5%. 

118°  F. 

<J 

1907 

Atchison,  Topeka  & 
.Santa  Fe  Ita.lroad 

Not    less    than 
1.03  at  60°  F. 

100°  F.  Re- 
mi  n  l^ouid 
\mtil  90°  F, 

1907 

Southern  Pacific  Ry. 
Company, 

lo?o-20% 

About  6% 

Completely  at 
100°  F.     No 
deposit 
above  93°  F 

740 


FICATIONS    FOR    COAL-TAR    CREOSOTE 


Boiling 
point 

Distillation 

Water 

Remarks 

Not  less  than  90%  at 
600^  F. 

At    least    25%    above 
600°  F. 

At  least  20%  not  more 
■than  30%  above  600' 
IF. 

At    least    25    %  above 
600°  F. 

Not      more 
than  3%. 

Not    over    4%    below 
170°  C. 

No  records  obtainable  of  creosote  oil 
used  50  years  ago  but  doubtless 
same  as  this. 

Not    less     than     25% 
above  600°  F. 

Free     from 
water. 

Two-thirds  above  482° 
F.     None  under  392° 
F. 

Nothing  below  200°  C. 
Not    more    than   33% 
below  250°  C. 

Not      more 
than  1%. 

Must  be  entirely  soluble  in  benzine. 

Distilled  from  coaltar  from  gas- 
works. 

Not  more  than  3%  at 

150°  C. 
Not  more  than  10%  at 

200°  C. 
Not  more  than  25%  at 

235°  C. 

On  mixing  with  equal  volume  ben- 
zole, (crystallizable)  must  remain 
clear;  at  least  only  traces  of  undis- 
solved bodies.  Two  drops  on  fold- 
ed filter  paper  must  be  entirely  ab- 
sorbed or  leave  only  traces  of  un- 
dissolved material. 

Not    more    than    1% 

below  125°  C. 
Mainly  bet.   150°  and 

400°  C. 
Never  more  than  25% 

below  2.35°  C. 

Not  less  than 
400°  F. 

Not  less  than 
410°  F. 

If  over  2.5% 
compensa- 
tion shall  be 
made.  . 

Never  over 
8%. 

Must  begin  at  320°  F. 

Not      more 
than  li%. 

Must  contain  not  more  than  5%  tar. 
Must  not  flash  below  185°  F.  nor 
burn  below  200°  F.  Between  320° 
F.  and  410°  F.  must  yield  less  than 
20%  of  all  substances. 

Up  to  170°  C.  nothing 
must   come   off.     Up 
to  210°  C.  not  more 
than      5%.     Up      to 
235°  C.  not  more  than 
.35%.     Above  355°  C. 
not  more  than  4%. 

Not      more 
than  3%. 

Distillation  by  standard  method. 

^.t  least  25%  above 
600°  F. 

From  works  making  bituminous  gas 
— not  water  gas. 
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ject  and  one  which  has  been  a  matter  of  much  consideration  by  my 
company  and  the  other  large  companies  of  Great  Britain.  I  am  not 
prepared  to  give  you  exactly  our  specification  upon  which  we  buy 
creosote  at  the  present  time,  but  the  one  we  are  using  has  been  in 
use  for  many  years,  and  the  creosote  obtained  by  it  has  given  excellent 
results  as  regards  the  life  of  the  sleepers  in  the  roads  ....  I  am 
stating  this  because  of  the  varying  opinions  there  seem  to  be  as  to 
what  the  necessary  constituents  of  creosote  should  be  to  be  effective 
as  a  preservative  of  timber.  Therefore  it  seems  to  me  it  is  not  a 
question  exactly  of  what  should  be  specified  at  the  present  time.  The 
proof  of  the  pudding  is  in  the  eating.  We  do  not  specify  naphthalene  at 
all.  We  specify  for  tar  acids,  etc.,  and  under  our  specifications  we  buy 
an  excellent  creosote.     There  is  no  doubt  about  that." 

In  other  words,  the  European  roads  have  been  buying  creosote 
for  thirty  to  forty  years,  and  each  one  seems  to  have  gotten  good 
results.  What  the  American  engineers  cannot  understand  is  how,  with 
such  a  divergence  of  chemical  composition,  each  can  claim  to  get  good 
results.  With  such  a  large  number  of  conflicting  views,  each  supported 
by  good  evidence,  it  becomes  a  somewhat  confusing  matter  for  the 
creosote  user  in  this  country  to  decide  as  to  what  a  proper  creosote 
really  is. 

An  examination  of  some  of  the  specifications  just  presented  will 
show  that  file  composition  of  creosote  is  usually  stated  in  two  ways : 
First,  by  stating  definite  percentages  of  compounds  which  should  be 
contained  in  the  creosote,  and,  second,  by  specifying  the  percentage 
amounts  of  the  oil  which  shall  distill  ofif  at  certain  temperatures.  Coal- 
tar  creosote  is  an  extremely  complex  substance  chemically,  but  in  all 
discussions  as  to  the  preservative  value  of  its  individual  constituents 
the  tar  acids  and  naphthalene  have  been  considered  the  most  important. 
In  the  early  history  of  the  uses  of  creosote  the  tar  acids  were  considered 
as  very  essential  constituents.  The  importance  of  their  presence  was 
particularly  emphasized  by  Dr.  Letheby  in  a  paper  published  in  June, 
i860.     Quoting  from   Mr.    Boulton's   account   of   this  paper : 

"He  considered  carbolic  acid  to  be  the  most  effective  constituent 
of  the  tar  oils,  and  that  the  efficiency  of  the  latter  in  preserving  timber 
depended  mainly  upon  the  percentage  of  carbolic  acid  which  they 
contained." 

For  many  years  following  Dr.  Letheby's  recommendation,  most 
specifications  called  for  at  least  10  per  cent,  of  tar  acids.  Following 
Dr.  Letheby,  an  important  series  of  experiments  was  undertaken  by  Mr. 
Coisne,  an  engineer  of  the  Belgian  Government.  He  used  samples  of 
creosote  oils  containing  15  per  cent.,  8  per  cent,  and  7  per  cent,  of 
tar  acids  and  one  containing  no  tar  acid.  He  impregnated  wood 
shavings  with  these  oils  and  placed  them  in  a  putrefying  pit.  After  four 
years  in  this  pit,  he  found  that  "the  results  were  strikingly  in  favor  of 
the  heavier  oils  and  averse  to  the  tar  acids,  which  last  bodies  appeared 
to  have  been  wholly  ineffective.     The  shavings  which  had  been  prepared 
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with  the  hghtest  portions  of  the  oils,  although  they  had  contained  the 
largest    portions    of    the    tar    acids,    were,    nevertheless,    in    the    worst 

condition Best    of    all    were    the    shavings    prepared    with    the 

heaviest  oils,  produced  by  distilling  at  the  highest  temperatures,  even 
when  containing  no  tar  acids ;  these  last  were  all  perfectly  sound. 
Uncreosoted  shavings  were  all  rotten." 

The  results  of  these  experiments  had  a  far-reaching  influence 
because  as  a  result  thereof  many  of  the  European  railways  ceased 
their  ryequirements  for  tar  acids  as  an  essential  constituent  of  creosote 
oil.  A  large  number  of  tests  was  made  with  old  creosoted  timbers 
by  Mr.  Boulton.  Without  going  into  details,  it  may  be  stated  that  in 
none  of  the  old  creosoted  timbers  did  he  find  any  tar  acids.  The 
general  conclusion  which  Mr.  Boulton  came  to  as  a  result  of  exhaustive 
investigations  was  that  the  efficiency  of  the  tar  acids  had  been  over- 
rated, and  as  a  result  of  this  conclusion  the  percentage  of  tar  acids 
now  required  by  most  railways  abroad  is  very  small.  In  fact,  some, 
such  as  the  Belgian  Government  and  the  French  Eastern,  do  not 
specify  any  tar  acids  at  all.  It  should  be  said,  however,  that  in  spite 
of  all  these  investigations,  the  question  as  to  the  relative  efficiency  of 
tar  acids  in  increasing  or  decreasing  the  value  of  a  creosote  oil  as  a 
wood  preservative  must  still  be  regarded  as  an  open  question.* 

Referring  to  the  value  of  naphthalene  as  a  constituent  of  creosote 
oil,  even  more  exhaustive  experiments  have  been  conducted  for  many 
years  by  European  chemists  and  engineers,  but  in  spite  of  these  investi- 
gations, no  more  satisfactory  conclusions  are'  at  present  available  than 
is  the  case  with  tar  acids.  Some  of  the  roads  specify  naphthalene, 
others  again  do  not.  Each  railroad  company  bases  its  reasons  for 
either  accepting  or  rejecting  certain  definite  proportions  of  naphthalene 
upon  the  results  obtained  with  the  creosotes  used  on  their  particular 
lines  for  many  years.  As  indicated  above,  their  faith  in  the  value  of 
the  particular  creosote  which  they  are  using  is  based  entirely  upon  the 
experience  gained  with  any  particular  oil.  *  The  discussion  at  the  last 
International  Railway  Congress  brought  out  the  fact  that  the  French 
specify  creosote  with  25  per  cent,  of  naphthalene,  while  most  of  the 
English  specifications  do  not  mention  naphthalene.  The  French  even 
add  crude  naphthalene  to  oils  with  less  than  25  per  cent.,  believing  that 
the  naphthalene  aids  in  closing  the  pores  of  the  woods.  This  apparent 
discrepancy  arises  from  the  fact  that  the  English  do  not  definitely 
specify  naphthalene,  although  most  of  their  oils  do  contain  a  considerable 
percentage  of  this  compound.  As  indicated  in  this  discussion  by  one  of 
the  writers : 

"I  personally  feel  that  the  English  are  very  much  wiser  in  making 
the  specification,  as  they  do,  in  leaving  out  any  reference  to  naphthalene 
as  a  constituent." 

•  In  this  discussion  on  tar  acids,  it  should  be  noted  that  wherever  tar 
acids  are  referred  to,  reference  is  made  to  the  tar  acids  present  In  the  low 
boiling  fractions  of  creosote  oil.  "We  are  of  the  opinion  that  this  also  holds 
good  for  the  discussions  in  the  papers  by  Boulton,  Dr.  Letheby,  Colsne  and 
others  referred  to. 
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As  a  result  of  the  discussion  as  to  the  comparative  value  of  certain 
quantities  of  both  tar  acids  and  naphthalene,  many  European  roads 
came  to  the  conclusion  that  making  requirements  of  certain  definite 
percentages  of  either  naphthalene  or  tar  acids  was  of  little  value  in 
determining  the  character  of  an  oil,  and  as  a  result  of  this  many  began 
specifying  that  the  oil  should  be  composed  of  heavy  substances  of 
definite  amounts,  these  amounts  to  be  determined  by  submitting  the 
oil  to  fractional  distillation.  This  brought  about  such  specifications  as 
the  one  now  in  use  by  the  Great  Western  Railway  of  England,  which 
specifies  that  at  least  25  per  cent,  of  the  oil  must  distill  above  600 
degrees  Fahrenheit,  and  the  Prussian  specifications,  which  specify  definite 
percentages  which  must  distill  off  at  certain  temperatures. 

In  order  to  be  of  any  actual  value,  any  and  all  parts  of  a  coal-tar 
creosote  should  be  stable,  and  should  remain  in  the  wood  for  the 
longest  possible  period  of  time.  One  of  the  chief  objections  offered  both 
to  the  tar  acids  and  naphthalene  has  been  that  these  substances  grad- 
ually disappeared  from  the  wood.  The  experiments  of  Coisne  already 
referred  to  were  made  to  show  that  certain  of  these  compounds  remained 
in  the  wood  fibre  for  such  a  short  time  that  their  efficiency  was 
doubtful.  Boulton  and  a  number  of  other  investigators  exposed  timbers 
impregnated  with  oils  of  known  composition  having  larger  and  smaller 
percentages  of  tar  acids  and  naphthalene  and  other  timbers  impregnated 
with  naphthalene  or  tar  acids  separately.  They  likewise  made  deter- 
minations of  creosoted  timbers  which  had  been  in  service  for  many 
years.  From  examination  of  these  timbers  they  endeavored  to  prove 
the  positive  or  negative  values  of  the  various  compounds.  It  has  been 
objected  that  most  of  these  experiments,  while  interesting,  really  do  not 
solve  the  problem  at  all.  While  it  is  known  that  both  the  tar  acids 
and  naphthalene  volatilize  with  considerable  rapidity,  it  is  not  considered 
fair  to  impregnate  sticks  of  wood  with  these  isolated  compounds  and 
from  the  rate  at  which  they  leave  the  wood  during  exposure  to  estimate 
the  rate  with  which  they  leave  wood  impregnated  with  actual  creosote 
oil,  of  which' they  form  only  a  part.  The  only  fair  way  to  determine 
the  changes  which  take  place  in  creosoted  wood  is  to  determine  the 
composition  of  the  oil  with  which  such  wood  was  originally  impregnated 
and  then  to  examine  its  composition  after  exposure  for  a  definite  term 
of  years.  In  practically  all  of  the  examinations  of  oil  extracted  from 
creosoted  timbers  which  had  been  in  service  for  a  long  period  of 
years,  the  exact  composition  of  the  original  oil  was  not  known.  It  is 
on  this  account  that  such  analyses,  while  instructive  in  a  general  way, 
are  really  of  very  little  value  in  determining  what  kind  of  oils  should 
now  be  injected  into  timber.  The  analyses  of  oils  extracted  from  old 
timbers  show  the  per  cent,  of  tar  acids,  naphthalene,  pitch,  etc.,  which 
may  be  in  these  timbers  at  the  present  time.  These  percentages  give 
no  indication,  however,  as  to  the  relative  amounts  of  the  various 
constituents  of  the  creosote  as  they  existed  in  the  original  oil.  As 
will  be  pointed  out  more  at  length  farther  on,  it  is  impossible  to  draw 
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conclusions  as  to  changes  which  take  place  in  an  oil  during  exposure  by 
comparing  the  amounts  of  the  constituents  of  such  an  oil  after  exposure 
and  trying  to  show  from  such  determination  that  one  or  the  other 
constituents  change  during  exposure.  In  other  words,  when  one  finds 
that  an  oil  in  a  piece  of  old  creosoted  timber  now  shows  a  very  small 
percentage  of  naphthalene,  that  is  no  indication  that  the  naphthalene 
has  disappeared  from  the  oil  because  no  proof  can  be  given  that  such 
oil  originally  had  a  large  percentage  of  naphthalene  in  it.  A  conclusion 
as  to  the  character  of  the  original  oils  must,  therefore,  be  based  on  more 
or  less  guesswork,  because  in  the  absence  of  any  knowledge  as  to  what 
these  oils  were  when  originally  injected  into  the  timber,  it  becomes 
extremely  difficult  to  determine  what  changes  these  oils  have  undergone 
during  the  period  of  exposure.  When  one  knows  what  changes  actually 
have  taken  place  in  one  or  more  instances,  it  will  become  possible  to 
use  the  results  obtained  from  examination  of  oils  extracted  from  old 
timbers  with  very  much  more  assurance  that  the  conclusions  drawn  will 
be  fairly  correct. 

Realizing  this  situation,  the  writers  have,  for  many  years,  been 
endeavoring  to  find  old  creosoted  timbers  which  had  been  in  service  for 
a  long  period  of  time,  and  of  which  definite  records  had  been  kept,  both 
as  to  the  amount  of  oil  injected  and,  what  is  more  important,  its 
original  chemical  composition.  Careful  personal  search  has  been  made 
through  the  records  of  most  of  the  large  creosoting  companies  in 
Europe,  as  well  as  in  this  country,  this  including  the  records  of  private 
companies  as  well  as  governmental  and  railway  administrations.  None 
of  these  companies  or  administrations,  however,  had  any  definite  records 
showing  the  original  composition  of  the  oils  used  in  the  treatment  of 
any  particular  lot  of  creosoted  timber.  It  was  therefore  particularly 
fortunate  that  a  series  of  data  was  recently  found  showing  the  original 
composition  of  oil  injected  into  a  number  of  telephone  poles  which  were 
placed  in  service  about  ten  years  ago.  The  records  of  the  telephone 
company  showed  the  character  of  the  oil  used  at  that  time,  and  through 
their  co-operation  a  number  of  poles  were  removed  from  the  line  and 
subjected  to  critical  examination.  In  the  following,  a  summarized 
account  is  presented,  giving  a  description  of  the  poles  and  their  original 
treatment,  together  with  the  results  of  an  investigation  into  the  character 
of  the  oil  now  in  the  poles.  A  comparison  of  the  changes  resulting 
after  brief  exposure  and  after  longer  exposure  is  appended,  together 
with  certain  general  conclusions  which  are  drawn  as  a  result  of  the 
findings : 

(l)    DESCRIPTION    OF    POLES. 

The  poles  examined  were  creosoted  North  Carolina  pine  (Pinus 
taeda).  These  poles  were  set  in  lines  of  the  American  Telephone  & 
Telegraph  Company  between  Norfolk  and  Washington,  November,  1897. 
Following  is  a  description  of  their  numbers,  the  date  of  their  removal, 
and  notes  as  to  the  original  manner  in  which  they  were  set: 
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Pole  No. 

Date  Removed 

Date  Received 

Notes 

10767 

10749 

29 

1425 
2931 
9709 

March,     1906 
May     2,  1906 
Nov.  14,  1906 

Nov.  13,  1906 
Nov.  16,  1906 
Nov.  16,  1906 

March  22,  1906 
May        7,  1906 
Nov.     26,  1906 

Nov.      26,  1906 
Nov.      26,  1906 
Nov.      26,  1906 

Square  pole  from  Portsmouth,  Va. 

From    Manchester    Loop,    damp, 

sandy   ground. 
Dry  clay  ground. 
Dry  sandy  ground. 
North  Suffolk,  Va.,  damp,  sandy 

ground. 

The  sections  received  for  examination  were  taken  from  the  butt 
and  top  of  the  poles.  The  butt  sections  consisted  of  a  quarter  section 
of  the  pole  taken  at  the  ground  line.  The  sections  above  the  ground 
consisted  of  the  entire  sections  of  the  pole  two  feet  long,  beginning 
at  a  point  three   feet  from   the  top   of  the  pole. 

(2)    HISTORY    OF    TREATMENT. 

The  poles  were  treated  between  May  and  August,  1897,  by  the  Nor- 
folk Creosoting  Company,  of  Norfolk,  Va.  They  were  treated  according 
to  the  American  Telephone  &  Telegraph  Company's  specification  No.  367. 
The  portion  of  this  specification  relating  to  oil  was  as  follows : 

"Quantity  of  Oil:  All  timbers  shall  be  impregnated  with  not  less 
than  twelve  (12)  lbs.  of  dead  oil  of  coal-tar  per  cubic  foot,  the  volume 
being  calculated  by  the  inspector. 

"Material:  The  dead  oil  of  coal-tar  shall  have  a  specific  gravity 
of  not  less  than  1.03,  and  not  more  than  1.06.  It  shall  be  liquid  at  100 
degrees  Fahrenheit.  It  shall  contain  not  less  than  40  per  cent,  naph- 
thalene." 

Concerning  the  actual  oil  which  was  used  in  treating  these  poles, 
the  following  information  from  the  records  of  the  American  Telephone 
&  Telegraph  Company  is  given : 

"The  original  reports  of  the  analyses  are  in  our  files,  and  from 
which  we  have  prepared  the  following  table  as  indicating  the  average 
of  the  oil  used  in  the  treatment  of  the  poles  for  that  line.  It  is  of 
course  impossible  to  associate  the  poles  under  test  with  any  particular 
analysis  of  oil. 

"Average  of  tests  of  dead  oil  of  coal-tar  used  in  treating  poles 
of  the  Norfolk-Washington  line,  treated  at  the  works  of  the  Norfolk 
Creosoting  Company,  Buell,  Va.,  May  to  August,  1897,  inclusive: 
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Loss,  water,  etc.,  to  170°  C , i.o  per  cent. 

170°  C.  to  205°  C 2.0  per  cent. 

205°  C.  to  210°  C 4.0  per  cent. 

210°  C.  to  235°  C 45.0  per  cent. 

235°  C.  to  240°  C 7.0  per  cent. 

240°  C.  to  270°  C 16.0  per  cent. 

270°  C.  to  316°  C 9.0  per  cent. 

Residue  above  316°  C 16.0  per  cent. 


loo.o   per  cent 
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Naphthalene     205°  C.-235°  C 49.0      per  cent. 

Oil   not  distilling  below  270°  C 25.0      per  cent. 

Specific    gravity    1.022  per  cent. 

Melting   point    36°  C. 

Boiling  point    70°  C. 

Twenty-eight    analyses    were    available    for    the    above    averages,    for 
the  distillate  between  205°  C.-23S°  C. : 
19    analyses    average  about  45  per  cent. 

3  analyses    had  between  50-55  per  cent. 

2    analyses    had  between  55-60  per  cent. 

4  analyses    had  between  60-65  per  cent. 

There  is  of  course  a  possibility  that  one  of  the  four  poles  selected 
for  test  may  have  been  in  the  lot  treated  with  oil  containing  60-65  P^'' 
cent,  of  naphthalene.  A  comparison  of  the  analyses  of  the  oil  recovered 
from  the  section  of  pole  below  the  ground  line  and  from  the  section 
near  the  cross-arm  system  would  indicate  with  a  fair  degree  of  accuracy 
whether  such   a   selection   had   been   made. 

The  specifications  under  which  the  oil  was  tested  agree  with  the 
present  specifications  No.  1458,  with  the  exception  that  the  distillation 
was  limited  to  about  30  minutes,  instead  of  35  to  40  minutes,  as  at 
present,  and  the  distillation  was  carried  to  316°  C.  instead  of  300°  C,  as 
it  present.  Furthermore,  the  determination  of  the  tar  acids  was  not 
carried  out  in    1897.*" 

(3)    PROBLEMS   INVESTIGATED. 

The  problems  investigated  and  reported  on  herein  deal  with  the 
following   questions : 

(a)  The  relative  amounts  of  oil  and  character  of  the  oil  at  present 
in  the  top  and  butt  sections  of  the  same  pole. 

(b)  The  relative  amounts  and  character  of  the  oil  in  tlie  north 
and  south   sides  of  the  poles. 

(c)  The  relative  amounts  of  oil  and  character  of  oil  in  the  outer 
and  inner  portions  of  the  same  pole. 

(4)     METHODS. 

(a)  Method  of  extraction.  In  the  examination  of  the  creosoted 
poles,  the  creosote  oil  was  extracted  from  wood  borings  by  means  of 
ether. 

(b)  Method  of  analysis.  The  determination  of  the  character  of 
the  oils  after  extraction  was  made  on  the  basis  of  water-free  oil, 
according  to  the  standard  method  of  analysis  for  coal-tar  creosote 
published  in  Bulletin  No.  65  of  the  American  Railway  Engineering  and 

*  The  essential  point  in  the  metliod  of  carrying  on  the  distillation  in  this 
specification  is  the  use  of  an  eight -ounce  retort  with  thermometer  bulb 
one-eighth  inch  above  the  surface  of  the  oil.  All  fractions  are  determined 
by  weight. 
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Maintenance  of  Way  Association  (using  an  eight-ounce  retort,  asbestos 
covered,  with  standard  thermometer,  bulb  one-half  in.  above  the  surface 
of  the  oil).  With  but  few  exceptions,  the  amount  of  oil  extracted  from 
the  poles  and  examined  equaled  lOO  grams  or  more.  In  other  words, 
the  analyses  were  made  with  a  sufficiently  large  amount  of  oil  to  warrant 
the  statement  that  the  results  obtained  are  directly  comparable  with 
other  creosote  oil  analyses. 

(c)  Method  used  in  computing  results.  The  results  obtained  from 
the  analyses  of  extracted  oils  are  discussed  under  the  headings  stated 
in  paragraph  3. 

Before  discussing  the  findings  as  to  amounts  and  character  of 
the  oils  extracted  from  poles,  it  will  be  desirable  to  state  the  method 
employed  for  making  comparisons  of  the  various  oils  injected  and 
extracted,  and  to  present  data  showing  the  reasons  for  the  adoption  of 
such  a  method. 

POSSIBLE    CHANGES    IN    OILS    SUBJECTED    TO    EVAPORATION. 

After  an  oil  of  a  specific  composition  has  been  injected  into  wood 
and  exposed  to  the  action  of  the  weather,  certain  possible  changes 
may  take  place  in  its  character  and  composition.  If  ten  pounds  of 
oil  are  injected  per  cubic  foot,  it  may  be  possible  that  after  a  period  of 
exposure  but  eight  pounds  of  this  oil  remain  in  the  wood.  The  com- 
position of  the  oil  representing  this  eight  pounds  may  or  may  not  be 
different  from  that  of  the  oil  originally  injected.  If  different,  this 
difference  must  be  due  to  a  change  in  the  relative  proportions  of 
the  constituents  of  the  oil.  This  change  may  be  due  either  to  an  actual 
evaporation  or  volatilization  of  certain  components  of  the  oil,  or  to  the 
transformation  of  certain  compounds  into  other  compounds.  Assuming, 
therefore,  that,  during  exposure,  changes  take  place  in  the  relative 
amounts  of  the  constituents  of  the  oil,  it  would  appear  that  a  com- 
parison of  an  analysis  of  the  original  oil  with  a  similar  analysis  of  the 
oil  after  exposure  would  show  very  different  percentages  of  the  various 
fractions.  In  other  words,  the  possible  changes  which  may  have  taken 
place  during  exposure  are  not  definitely  shown  in  a  fractional  distillation 
of  the  oil  after  exposure. 

It  therefore  becomes  necessary  to  find  some  other  basis  upon  which 
comparisons  can  be  made.  Before  doing  so,  it  will  be  necessary  to 
examine  the  possible  agencies  which  might  produce  changes  in  oils 
under  exposure ;  viz.,  a  possible  direct  evaporation  or  volatilization,  and 
chemical  or   oxidative   changes. 

A  large  number  of  experiments  were  conducted  with  an  oil  of 
known  character,  the  object  of  which  was  to  induce  possible  changes 
of  a  chemical  or  oxidative  nature.  Examination  of  the  oil  after  these 
experiments  failed  to  show  any  appreciable  change  in  its  nature.  Addi- 
tional evidence  as  to  the  improbability  of  any  chemical  or  oxidative 
changes    in    the    oil    during    exposure    was    obtained    from    experiment? 
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in  which  oil  was  actually  exposed  for  a  year  to  the  air  in  open  vessels. 
The  details  and  the  findings  of  this  experiment  will  be  referred  to 
again,  but  it  may  be  stated  at  this  point  that  while  certain  changes  do 
take  place  of  a  chemical  nature,  the  changes  found  were  not  great 
enough  to  afifect  the  general  results.  The  conclusion  drawn,  therefore,  is 
that  in  comparison  of  oifs  before  and  after  exposure,  the  probability 
of  oxidative  or  other  chemical  changes  may  be  left  out  of  consideration. 

This  leaves  the  direct  evaporation  or  volatilization  theory  as  the 
only  one  capable  of  explaining  any  changes  in  the  relative  amounts 
of  distillates  before  and  after   exposure. 

The  next  problem  which  naturally  ^presents  itself  from  the  theoret- 
ical standpoint  deals  with  the  question  as  to  the  relative  tendency 
of  the  different  constituents  of  the  oil  to  evaporate  or  volatilize.  In 
a  general  way  the  constituents  of  a  creosote  oil  may  be  divided  into 
the  low-boiling  and  high-boiling  fractions.  From  a  knowledge  of  the 
characteristics  of  these  fractions,  it  may  be  assumed  that  the  low- 
boiling  fractions  would  have  a  greater  tendency  to  volatilize  than 
the  high-boiling  fractions,  and  any  changes  found  in  an  oil  after 
exposure  would  probably  be  found  in  the  low-boiling  fractions.  It 
would  furthermore  appear  reasonable  to  assume  that  with  the  rise 
of  the  boiling  point  the  tendency  toward  evaporation  would  fall. 
Reasoning  in  this  manner,  it  may  be  assumed  that  the  least  tendency 
to  volatilization  or  evaporation  would  exist  in  the  pitches.  It  is  reas- 
onable, therefore,  to  assume  (remembering  the  well-known  inert  charac- 
ter of  coal-tar  pitch)  that  after  exposure  little  if  any  change  in  the 
quantity  or  character  of  the  pitch  constituents  of  the  oil  would  take 
place.  If  this  is  the  case,  a  definite  and  reliable  basis  is  at  once  obtained 
for  making  a  comparison  of  the  actual  constituents  of  an  oil  before  and 
after  exposure.  It  will  only  be  necessary  to  assume  that  the  quantity 
of  the  pitch  in  the  two  oils  is  constant,  and  starting  with  the  amount 
of  pitch  in  the  oil  before  and  after  exposure  as  a  constant,  it  will  be 
an  easy  matter  to  determine  the  relative  amounts  of  the  other  fraC' 
tions  obtained  during  distillation.  To  illustrate,  assume  that  ten  (lo) 
lbs.  of  oil  was  used  originally,  and  that  after  a  certain  period  of  time 
five  (5)  lbs.  remained ;  also  assume  that  the  original  oil  contained  ten 
(10)  per  cent.,  or  one  (i)  lb.  of  pitch,  or  residue  above  355°  C.  In  the 
five  (5)  lbs.  remaining  after  exposure,  one  (i)  lb.  would  still  be  pitch, 
the  other  four  (4)  lbs.  representing  what  was  left  of  the  other  constitu- 
ents of  the  original  ten  (10)  lbs.  of  oil.  These  one  (i)  and  four  (4) 
lb.  quantities  are  equivalent  respectively  to  20  per  cent,  and  80  per  cent. 
of  the  five  (5)  lbs.  of  oil  after  exposure,  and  to  10  per  cent,  and  40 
per  cent,  of  the  ten  lbs.  of  the  original  oil  before  exposure. 

In  other  words,  the  80  per  cent,  of  the  oil  after  exposure  is 
equivalent  to  40  per  cent,  of  the  original  oil;  i.  e.,  they  stand  in  the 
same  ratio  to  each  other  as  do  the  percentages  of  the  pitches;  viz., 
two  to  one. 
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Therefore,  to  compare  the  oil  after  exposure  with  the  original  oil, 
it  is  only  necessary  to  have  the  fractional  distillation  of  the  oil  before 
and  after  exposure,  note  the  ratio  between  the  pitch  percentages  and 
reduce  the  amounts  of  the  various  fractions  of  the  second  distillation 
in  this  ratio.  The  resulting  figures  will  be  expressed  in  terms  of  the 
original   oil. 

While  the  assumption  as  to  the  constancy  of  the  pitch  appears 
reasonable,  nevertheless  it  was  open  to  some  objection,  because  no 
actual  proof  was  at  hand  to  substantiate  any  such  assumption.  In 
order  to  determine  the  validity  of  this  assumption,  the  following 
experiment  was  conducted :  A  heavy  coal-tar  creosote  oil  was  selected 
and  its  composition  carefully  determined.  Weighed  quantities  in  open 
vessels  were  placed  out  of  doors,  being  protected  from  rain  by  a  slant- 
ing roof.  At  the  same  time,  some  loblolly  pine  ties  were  treated  with 
the  same  oil,  and  these  were  exposed  on  the  roof  of  a  building.  The 
open  vessels  were  weighed  at  definite  intervals,  and  at  the  end  of  one 
year  the  oil  was  distilled.  The  oil  was  also  extracted  from  one  piece 
of  the  tie  exposed  on  the  roof  and  subjected  to  fractional  distillation. 
While  the  time  of  exposure  is  but  a  short  one,  it  is  fair  to  assume  that 
any  changes  which  might  have  taken  place  during  exposure  would  have 
made  considerable  progress  during  this  period.  Table  II  and  diagram  I 
show  the  results  of  distillation  of  this  oil  before  and  after  exposure: 


TABLE  II.* — Creosote  Evaporation.     Actual  Di.«tillates. 


Distillates 

—per  cent. 

Specific 

Sample 

Below 
210° 

210°- 
235° 

235°- 
270° 

270°- 
315° 

315°- 
355° 

Residue 

gravity  at 
38° 

Original  oil 

2.2 

23.3 

24.1 

17.5 

17.1 

15.5 

1.045 

Open  vessel 

0.2 

0.8 

14.1 

32.0 

27.3 

25.6 

1.088 

Tie 

0.0 

12.9 

21.9 

19.7 

24.6 

20.2 

1  067 

♦Unless  specifically  stated,  all  temperatures  are  expressed  in  degrees  Centigrade. 

The    actual    changes    which    the    oil    in    the    open    pans    underwent 
are  shown  in  the  following  comparison : 

Weight  of  original  oil    Soo.o  grams 

Weight  of  oil   after  exposure    292.5  grams 


Loss     207.5  grams 

Loss,    per    cent 41.5 

Referring  to  our  assumption  that  the  pitch  did  not  change  during 
the  period  of  exposure,  and  referring  to  Table  II,  from  which  it 
appears  that  the  oil  before  exposure  had   15.5  per  cent,   pitch  and  after 


TIES. 
CREOSOTE  EVAPORATION.     Actual  Distillates. 


751 


Selcw2IO-         2I0-2Z5'  255-270'  210-ZI5'         3/5"- 355"       Tfesidu^. 

Diagram  I. 

exposure  25.6  per  cent,  pitch,  the  actual  quantities  of  pitch  in  the  pans 
before  and  after  exposure  were : 

Before     exposure. .  15.5  per  cent,  of  500.0  grams=77.5  grams 
After     exposure .  . .  25.6  per  cent,  of  292.5  grams=74.9  grams 

That  is,  during  the  period  of  exposure  of  this  oil,  the  quantity  of 
pitch  suffered  practically  no  change,  which  proves  that  the  assumption 
originally  made  as  to  the  constancy  of  the  pitch  constituents  was  prac- 
tically correct. 

Following  this  method  for  the  other  fractions,  the  actual  and  per- 
centage amounts  of  the  different  fractions  of  the  original  oil  left  after 
exposure  were  as   follows : 

TABLE  III. 


"a 

03 

Below  210° 

210°-235° 

235°-270° 

270°-315° 

315°-355° 

Residue 

Act. 
amt. 
grams 

%of 

orig. 

oil 

Act. 

amt. 

grams 

%of 

orig. 

oil 

Act. 

amt. 

grams 

%of 

orig. 

oil 

Act. 

amt. 

grams 

%of 

orig. 

oil 

Act. 

amt. 

grams 

%of 

orig. 

oil 

Act. 

amt. 

grams 

%of 

orig. 

oil 

Grig, 
oil.  ... 

11.0 

2.2 

116.5 

23.3 

120.5 

24.1 

87.5 

17.5 

85.5 

17.1 

77.5 

15.5 

Open 
vessel . 

0.6 

0.1 

2.3 

0.5 

41.2 

8.2 

93.6 

18.7 

79.7 

15.9 

74.9 

14.9 
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Having  shown  that  the  assumption  as  to  the  constancy  of  the  pitches 
was  tenable,  it  now  becomes  possible  to  use  the  amount  of  pitch  as 
a  basis  for  comparing  oils  before  and  after  exposure,  as  indicated  by 
the  foregoing  example.  Using  the  pan  experiment  as  a  further 
example,  we  find  that  the  original  oil  had  15.5  per  cent,  pitch,  while 
the  oil  after  exposure  had  25.6  per  cent,  pitch.  The  actual  amounts  of 
the    other    fractions    after    exposure    can    therefore    be    determined    by 

15-5 
multiplying   the    amount    found   after    exposure   by    the    ratio   .     The 

25.6 
results  of  such  a  calculation  are  shown  in  Table  IV: 


TABLE  IV. 

Sample 

Below  210° 

210°-235° 

235°-270° 

270°-315° 

315°-355° 

Residue 

Oil  from  open  ves- 
sel  

0.1% 

0.5% 

8.5% 

19.4% 

"    16.5% 

15.5% 

A  comparison  of  the  percentage  amounts  of  the  fractions  after 
exposure  in  terms  of  the  original  oil  as  determined  by  actual  weights 
and  by  using  the  ratio  of  the  pitches  is  shown  in  table  V  (taken  from 
tables  III  and  IV).  This  table  shows  that  the  two  are  practically  the 
same  and  that  the  differences  are  well  within  the  limits  of  error  of  such 
an  experiment: 

TABLE  V. 


By  actual  weights 

By  ratio  of  the  pitches 

Below  210°  C. 
210°-235° 
235°-270° 
270°-315° 
315^-355° 
Residue 

0.1% 

0.5% 

8.2% 

18.7% 

15.9% 

14.9% 

0.1% 

0.6% 

8.5% 

19.4% 

16.5% 

15.5% 

The  results  obtained  are  so  striking  and  bear  out  so  completely 
the  assumption  as  to  the  manner  in  which  a  comparison  between 
oils  before  and  after  exposure  should  be  made  that  in  all  of  the  deduc- 
tions as  to  the  probable  changes  which  have  taken  place  in  poles 
exposed  nine  (9)  years,  the  final  conclusions  as  to  such  changes  are 
made  after  recalculating  the  actual  distillates  found  in  the  extracted 
oils,  using  the  amount  of  pitch  found  as  a  basis. 

Table  VI  and  Diagram  II  show  the  results  figured  on  basis  of  the 
pitches : 

A  study  of  diagrams  I  and  II  is  very  instructive.  Diagram  I,  show- 
ing the  actual  analyses,  shows  that  while  there  is  a  large  decrease  of 
the  fractions  below  270°  C,  there  is  a  corresponding  and  proportionate 
increase  of  the  fractions  above  270°  C. 

Diagram    II    enables    one    to    determine    the    actual    losses.      For 
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TABLE  VI. — Creosote  Evaporation — calculated  to  basis  of  original  oil. 


Sample 

Distillates — per  cent. 

Below  210° 

210°-235° 

235''-270° 

270°-315° 

315°-355° 

Residue 

Original  oil 

2.2 

23.3 

24.1 

17.5 

17.1 

15.5 

Open  vessel 

0.1 

0.5 

8.5 

19.4 

16.5 

15.5 

Tie 

0.0 

9.9 

16.9 

15.1 

18.9 

15  5 

CREOSOTE    EVAPORATION— DISTILLATES    CALCULATED    TO    BASIS 
OF   ORIGINAL   OIL. 

% 
1-5r 


A/ow2IO'        2I0-2Z5° 


2Z5-270'  FjO-dlS' 

Diagram   II. 


ZI5~'^55'  Titsidue. 


example,  looking  at  the  2io°-235°  fraction,  almost  the  whole  amount 
disappeared  in  the  case  of  the  oil  exposed  in  open  vessels,  and  more 
than  one-half  (V2)  in  the  case  of  the  oil  from  the  tie.  Large  losses 
are  also  to  be  noted  in  the  235°-27o°  fractions.  In  the  fraction  above 
270°  the  amounts  remain  practically  constant. 

The  evaporation  experiment  just  referred  to  is  being  continued, 
using  the  same  oil. 

(5)    RESULTS     OBTAINED     FROM     POLE     EXAMINATIONS. 

(a)     Comparison  of  oils  extracted  from  top  and  butt  pieces. 

The  results  of  the  analyses  of  the  oils  extracted  from  the  top  and 
butt  sections  of  poles  are  shown  in  tables  VII  and  VIII,  and  in  dia- 
grams III  to  VII.  Diagrams  III  to  VI  and  table  VIII  show  the  per- 
centage  distillates   of    the   extracted  oils   calculated   to   the   basis    of   the 
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original  oils  on  the  assumption  that  the  pitch  remained  constant.  In 
each  case  the  black  line  in  the  diagram  indicates  the  original  oil,  the 
dotted  line  the  oil  extracted  from  the  top  of  the  pole  and  the  broken 
line  the  oil  extracted  from  the  butt  of  the  pole.  Diagrams  VII  and 
VIII  represent  a  summary  of  the  results  from  five  (5)  poles;  diagram 
VII  being  the  actual  distillates  obtained,  and  diagram  VIII  the  distil- 
lates as  olHainod  by  recalculation : 


TABLIO  VII.— SHOWING  COMPOSITION  OF  OIL  EXTRACTED  FROM  TOP  AND 

BUTT  OF  POLES. 


Pole 

Section 
of  Pole 

Specific 

gravity  of 

extract  at 

38°  C. 

Distillates — per  cent. 

No. 

Below 
210° 

210°- 
235° 

235°- 
270° 

270°- 
315° 

315°- 
355° 

Residue 

10767 

Butt 

5.8 

40.5 

20.6 

11. 0 

11.2 

10.9 

10749 

Top 
Butt 

1,065 
1.031 

0,0 
0.0 

6.7 
37.4 

31.0 
26.9 

21.3 
14.2 

23.0 
11.5 

18.0 
8.9 

29 

Top 
Butt 

1.050 
1.030 

0.0 
1.0 

40.7 
47.1 

19.0 
19.2 

11.5 
12  9 

13.9 
11.4 

14.9 
8.0 

1425 

Top 
Butt 

1.058 
1.023 

8.6 
0.0 

29.7 
45.0 

23.0 

32.1 
11.3 

15.9 
10.5 

13.7 
5.6 

2931 

Top 
Butt 

1.064 
1.045 

0.0 
0.0 

31.7 
40.6 

20.6 
22.3 

7.7 
12.0 

18.3 
12.9 

21.6 
11.8 

9709 

Top 
Butt 

1.106 
1.056 

0.0 
0.0 

1  .0 
12.9 

8.2 
25.7 

32.2 
18.9 

24.2 
23.6 

34.4 
18.9 

Average 
Average 

1  7 
0.2 

22.0 
36.6 

19.7 
23.5 

18.2 
13.8 

19.0 
16.0 

20.5 

10.6 

TABLE  VIII.— SHOWING  COMPOSITION  OF  OIL  EXTRACTED.     CALCULATED 
TO  BASIS  OF  ORIGINAL  OIL. 


Pole 

Section 
of  Pole 

Specific 
gravity  of 
extract  at 

38°  C. 

Distillates — per  cent,  of  original  oil. 

No. 

Below 
210° 

210°-235° 

235°-270° 

270°-315° 

Residue 

Original 
oil 

1.022 

5.0 

45.0 

23.0 

9.0 

16.0 

10749 

Top 
Butt 

1.065 
1.031 

0.0 
0.0 

2.6 
29.2 

12.1 
21.0 

8.3 
11.1 

16.0 
16.0 

29 

Top 
Butt 

1.050 
1.030 

0.0 
0.8 

22.6 
38.6 

10.6 
15.7 

6.4 
10.6 

16.0 
16.0 

1425 

Top 
Butt 

1.058 
1.023 

4.7 
0.0 

16.4 
45.1 

23.0 

17.6 
11.3 

16.0 
16.0 

2931 

Top 
Butt 

1.064 
1.045 

0.0 
0.0 

12.7 
26.8 

8.3 
14.5 

3  1 
7.9 

16.0 
16.0 

9709 

Top 
Butt 

1.106 
1.056 

0.0 
0.0 

0.3 
4.9 

2.2 
9.7 

8.7 
7.1 

16.0 
16.0 

Average 
Average 

0.7 
0.1 

8.9 
22.0 

8.0 
14.1 

7.3 
8.3 

16.0 

16.0 
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ANALYSIS   OF  OIL   FROM    POLE   NO.    10749   CALCULATED   TO 
BASIS    OF    ORIGINAL   OIL. 

+5r 


^loa.  sVo"  2i0'-2^5'       255-270-        270-^15°      ^"'^^ 

Diagram   III. 


ANALYSIS    OF    OIL    FROM    POLE    NO.    29    CALCULATED    TO 
BASIS    OF    ORIGINAL   OIL. 


Sml6w  210 


Diagram   IV. 


270-'3l5'         Tieaidi. 
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ANALYSIS    OF   OIL   FROM    POLE    NO.   2931    CALCULATED    TO 
BASIS    OF    ORIGINAL   OIL. 

45r 


SelowZIQ 


210-235°  235-270*  270-315*         ^lidil 

Diagram   V. 


ANALYSIS   OF   OIL   FROM    POLE   NO.    9709    CALCULATED   TO 
BASIS    OF    ORIGINAL   OIL. 

45 


3elow      2ia 


ZI0-B3S'  235-270' 

Diagram  VI. 
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2/0-2^5°        2^5-270'        270-3/5"    TieB^^ 
Diagram   VII. 


AVERAGE  OF  ANALYSES  FROM'  5  POLES— DISTILLATES  CAL- 
CULATED TO  BASIS   OF  ORIGINAL  OIL. 
% 
45 


Belou  SIO' 


210-2^5°  215-210° 

Diagram  VIII. 


270-Zf5'     /?Midi 
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Referring  to  diagram  VIII  and  table  VIII,  the  following  observa- 
tions  may    be    made : 

(i)  A  certain  percentage  of  the  original  oil  constituents  have 
disappeared  from  the  poles. 

(2)  These  constituents  are  practically  confined  to  the  fractions  dis- 
tilling off  below  270°  C. 

(3)  A  marked  difference  in  the  amount  of  evaporation  is  evident 
between  the  top  and  butt  of  the  poles. 

(4)  The  fraction  210  to  235  degrees  C,  usually  spoken  of  as  the 
naphthalene  fraction,  shows  an  average  loss  of  practically  one-half  (J/2) 
from  the  butt  of  the  poles,  and  about  four-fifths  (4/5)  from  the  top 
of  the  poles.  Referring  to  the  individual  poles,  this  actual  loss  of  the 
naphthalene  fraction  in  the  butts  and  tops  in  terms  of  the  actual  amounts 
originally  present  is  as  follows:  In  the  butts,  i,  15,  35,  41  and  89  per 
cent,  and  in  the  tops,  50,  64,  76,  95  to  99  per  cent.  In  considering 
these  figures,  it  should  be  remembered  that  they  are  comparisons  made 
with  the  original  oil,  and  that  the  composition  of  the  original  oil  repre- 
sents an  average  of  28  analyses,  19  of  which  showed  about  45  per  cent, 
between  205  and  235,  the  other  nine  (9)  running  as  high  as  65  per 
cent.  The  curve  showing  the  composition  of  the  original  oil  in  the 
diagram  represents  the  average  oil  used  for  treatment,  and  the  per- 
centage individual  losses  in  the  naphthalene  and  other  fractions  are 
compared  with  this  average  oil.  It  is  possible  that  in  one  or  the  other 
of  the  poles,  a  comparison  should  have  been  made  with  some  of  the 
higher  naplithalenc  oils  used  in  the  original  treatment.  Thus,  pole  No. 
1425  (Table  VIII),  shows  no  loss  whatever  from  the  butt,  while  it  is 
extremely  probable  that  it  did  lose  a  certain  quantity. 

The  principal  finding  is,  however,  not  invalidated,  viz.,  that  a  large 
percentage  of  the  original  naphthalene  fraction  has  disappeared  from 
both  the  top  and  butt  of  the  poles,  and  approximately  one  and  one-half 
(ij/^)   times  as  much   from  the  top  as  from  the  butt. 

A  similar  loss  is  noted  for  the  235-270  degrees  C.  fraction,  although 
the  actual  amounts  of  the  losses  in  this  fraction  are  not  nearly  so 
great  as  in  the  naphthalene  fraction.  Table  IX  shows  the  actual  loss 
of  individual  fractions  compared  with  the  same  fractions  of  the  original 
oil,  and  the  total   loss   of  all   fractions. 

This  table  shows  a  total  average  loss  during  the  period  of  ex- 
posure of  57.1  per  cent,  of  the  original  oil  from  the  top,  and  37.5  per 
cent,  from  the  butt  of  the  poles.  This  means  that  less  than  one-half 
{%)  of  the  oil  originally  injected  into  the  tops  is  now  present,  and  a 
little  more  than  one-half  (^)  of  the  oil  injected  into  the  butts  is  now 
present. 

(b)  Comparisons  of  oils  extracted  from  north  and  south  sides 
of  poles : 

The  question  has  frequently  been  raised  whether  any  difference  in 
the   rate  of   evaporation   would   take   place   depending   upon   whether    the 
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TABLE  IX.— SHOWING  I<OSS  OF  INDIVIDUAL  FRACTIONS  AND  TOTAL 

LOSS. 


Pole 

Section 
of  Pole 

Fractions 

No. 

Below 
210° 

210°- 
235° 

235°- 
270° 

270°- 
315° 

Total 
Loss 

10749 
10749 

Top 
Butt 

5.0 
5.0 

42.4 
15.8 

10.9 
2.0 

0.7 
+2.0 

59.0 
20.8 

+Gain 

29 
29 

Top 
Butt 

5.0 
4.2 

22.4 
6.4 

12.4 
7.3 

2.6 

+1.5 

42.4 
16.4 

1425 
1425 

Top 

Butt 

0.3 
5.0 

28.6 
0.0 

0.0 

14.4 
+2.3  ^ 

43.3 

2.7 

2931 
2931 

Top 
Butt 

5.0 
5.0 

32.3 
18.2 

14.8 
8.5 

5.9 
1.1 

58.0 
32.8 

9709 
9709 

Top 
Butt 

5.0 
5.0 

44.7 
40.1 

20.8 
13.3 

0.3 

1.9 

70.8 
60.3 

Average  oil  ex- 
tracted  

Tops 
Butts 

4.3 
4.9 

36.1 
23.0 

15.0 
8.9 

1.7 
0.7 

57.1 
37.5 

exposure  was  north  or  south.  Table  No.  X  shows  the  results  of  the 
analyses  from  two  poles.  Borings  were  made  in  one  case  on  the  north 
side  of  the  pole,  and  in  the  other  on  the  south   side. 

In  each   case   these   borings   were  taken   from   the   top    of   the   pole. 

A  comparison  of  the  figures  shows  that  the  differences  in  the  oils 
extracted  from  the  north  and  south  sides  are  very  slight.  The  results 
are  somewhat  contradictory.  Taking  the  column  of  specific  gravity,  for 
instance,  we  find  in  one  case  that  the  oil  from  the  north  side  was 
heavier,  and  in  the  other,  the  oil  from  the  north  side  was  lighter. 
Considering  the  lack  of  concordance  in  the  figures,  it  is  of  course 
impossible  to  draw  any  conclusions  as  to  the  influences  of  exposure 
north  or  south.  If  there  are  any  differences,  they  would  not  be  large 
enough   to   influence    the    general    discussion. 

(c)  Comparisons  of  oil  extracted  from  outer  and  inner  portions 
of  poles : 

Comparisons  were  made  from  three  poles  to  determine  whether 
there  was  any  difference  in  the  composition  of  the  oils  from  the  outer 

TABLE  X.— SHOWING  COMPOSITION  OF  OIL  EXTRACTED  FROM  NORTH  AND 
SOUTH  SIDES  OF  POLES. 


Pole 

Side  of 
Pole 

Specific 

gravity  of 

extract  at 

38°  C. 

Distiilates- 

-per  cent. 

No. 

Below 
210° 

210°- 
235° 

235°- 
270° 

270°- 
315° 

315°- 
355° 

Residue 

10749 
10749 

South 
North 

1.065 
1.075 

0.0 
0.0 

6.7 
3.4 

31.0 
25.3 

21.3     1 
26.8 

23.0 
23.5 

18.0 
20.9 

1425 
1425 

South 
North 

1.058 
1.044 

8.6 
9.8 

29.7 
33.1 

17.3 

32.1 
12.2 

15.9 

14.4 

13.7 
11.2 
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and  inner  portions  of  the  poles.  It  has  been  assumed  that  the  evapo- 
ration of  oil  would  take  place  with  the  greatest  rapidity  from  the  outer 
layers  of  the  pole,  and  that  the  difference  in  the  percentage  constituents 
of  the  distillates  from  various  parts  of  the  pole  when  compared  with 
the  original  oil  would  be  most  marked  in  the  outer  portions  of  such 
poles.    The  results  are  given  in  table  XL 


TABLE  XI.— SHOWING  COMPOSITION  OF  OIL  EXTRACTED  FROM  OUTER  AND 
INNER  PORTIONS  OF  POLES.— Calculated  to  basia  of  original  oil. 


Distance 

Specific 

Distillates — per  cent. 

Pole 

Section 

from 

gravity 

No. 

of  Pole 

outside 

at  38°  C. 

Below 

210°- 

235°- 

270°- 

Residue 

210° 

235° 

270° 

315° 

10749 

Top 

1  " 

1.065 

0.0 

2.6 

•  12.1 

8.3 

16.0 

10749 

Top 

3  * 

1.030 

0.0 

7.4 

U2.6 

7.1 

16.0 

10749 

Butt 

?" 

1.031 

0.0 

29.2 

21.0 

11.1 

16.0 

10749 

Butt 

If" 

1.025 

0.0 

38.6 

21.9 

7.8 

16.0 

10749 

Butt 

3  " 

1.021 

1.3 

28.6 

15.4 

8.1 

16.0 

2931 

Butt 

1  " 

1  .045 

0.0 

26.8 

14.5 

7.9 

16.0 

2931 

Butt 

2  " 

1.032 

3.4 

31.6 

14.2 

7.2 

16.0 

It  will  be  noted  that  there  is  a  gradual  increase  in  the  specific 
gravity  of  the  oil  as  one  approaches  the  outside,  but  on  the  whole 
the  results  show  no  very  decided  differences.  It  should  be  pointed  out 
that  more  analyses   should  be  made. 

(6)      CONCLUSIONS. 

The  following  general  conclusions  may  be  drawn  as  a  result  of 
these  pole  investigations : 

(a)  As  to  changes  in  nine    (9)  years : 

The  principal  result  of  the  investigation  shows  a  very  marked 
evaporation  of  the  lower  boiling  fractions  of  the  coal-tar  creosote  oil. 
This  evaporation  is  most  marked  in  the  tops,  although  it  has  taken 
place   also  to   a   considerable   extent   in   the  butts. 

(b)  Present    condition   of    poles : 

In  their  present  condition  the  poles  are  sound,  and  the  probabilities 
are  that  they  will  remain   in  this  condition   for   several  years  to   come. 

(c)  Bearing    of    this    investigation    upon    future    oil    specifications : 
The   principal   findings   of   this   investigation    indicate   very    strongly 

that  the  constituents  of  the  creosote  oil  injected  into  these  particular 
poles  which  were  most  effective  are  the  high  boiling  fractions.  It  has 
hitherto  been  assumed  that  the  qualifications  for  a  good  creosote  oil 
were  essentially  two:  First,  that  it  must  have  antiseptic  properties 
of  a  high  grade.  Second,  that  it  must  be  of  such  character  that  the 
various  constituents  will  remain  in  the  wood.  The  discussion  as  to  the 
value  of  tar  acids  (phenols)  and  naphthalene,  in  other  words,  the 
low  boiling  fractions  of  an  oil,  have  hitherto  been  based  almost  entirely 
on    the    assumption    that    these    were    the    chief    antiseptic    elements    of 
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the  creosote  oil,  and,  furthermore,  upon  the  assumption  that  the  anti- 
septic requirements  of  creosote  oil  were  the  principal  ones.  While  it 
may  be  true  that  the  antiseptic  properties  of  the  creosote  oil,  whereby 
they  prevent  the  growth  and  development  of  wood-destroying  organ- 
isms, may  be  looked  upon  as  the  chief  requirements  of  such  creosote 
oil,  it  appears  to  the  writers  that  one  factor  has  been  lost  sight  of 
in  recent  discussions  pertaining  to  the  reasons  why  creosote  oil  protects 
wood  fiber  against  decay.  In  the  discussion  of  Boulton's  paper  on  the 
antiseptic  treatment  of  timber  before  the  British  Institute  of  Civil 
Engineers  in  1884,  Dr.  Armstrong  advanced  the  idea  that  the  operation 
of  the  creosote  was  of  a  onefold  nature.  He  maintained  that  the  chief 
value  of  the  creosote  was  to  prevent  the  entrance  of  water,  and  he 
gave  it  as  his  opinion  that  in  a  discussion  as  to  the  best  quality  of 
oil,  it  was  simply  a  question  of  obtaining  an  oil  which  would  keep 
out  the  water  with  the  greatest  readiness  and  which  at  the  same  time 
would  remain  in  the  wood  for  the  greatest  length  of  time.  He  there- 
fore thought  the  discussion  as  to  tar  acids  andNnaphthalene  of  minor 
importance. 

This  idea,  that  the  creosote  functions,  not  only  as  an  antiseptic 
but  as  a  waterproofing  material,  is  one  which  of  late  has  come  into 
considerable  prominence  in  view  of  the  discussion  as  to  the  -possible 
use  of  heavy  petroleum  residues  for-  preserving  wood.  The  writers 
hold  that  this  waterproofing  action  should  be  considered  as  an  impor- 
tant factor  in  discussing  the  value  of  a  creosote.  The  results  obtained 
from  the  examination  of  the  oils  extracted  from  telephone  poles  show 
that  the  effective  constituents  now  in  these  poles  are  very  largely  com- 
posed of  comparatively  inert  substances.  While  we  are  fully  aware 
of  the  fact  that  the  protection  of  wood  against  decay  is,  in  a  great 
many  instances,  brought  about  by  the  injection  of  substances  which  act 
as  poisons,  notably  such  substances  as  zinc  chloride,  copper  sulphate 
and  mercuric  chloride,  we  are  nevertheless  of  the  opinion  that  decay 
of  wood  fiber  can  be  prevented  just  as  effectually  by  removing  one 
of  the  chief  necessities  for  the  existence  and  development  of  wood- 
destroying  fungi,  viz.,  water.  A  stick  of  wood  from  which  water  is 
excluded  will  never  decay. 

The  successful  use  of  a  heavy  petroleum  oil,  consisting  of  about 
75  per  cent,  asphaltum,  which  was  injected  into  loblolly  pine  timber  in 
Texas  some  four  years  ago,  and  which  has  absolutely  protected  these 
timbers  against  decay  where  such  timber  would  have  decayed  inside  of 
twelve  months,  is  one  of  the  strongest  evidences  which  could  be  brought 
forward  to  sustain  the  contention  that  the  waterproofing  value  of 
the  heavy  tar  oils  has  a  claim  to  consideration.  It  should  be  remem- 
bered that  these  petroleum  oils  have  practically  no  antiseptic  value 
whatever.  It  should  be  understood  that  in  discussing  the  qualities  of 
the  preservative,  we  refer  to  the  waterproofing  of  the  timber  as  a  whole. 
The  successful  waterproofing  of  a  piece  of  timber  by  impregnation  will 
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depend  just  as  much  upon  the  thorough  and  complete  penetration  as 
if  the  principal  function  of  the  injected  substance  were  considered  to 
be   antiseptic   rather  than  waterproofing. 

When  studying  the  composition  of  the  oils  extracted  from  the  tele- 
phone poles  and  comparing  these  with  the  composition  of  oils  which 
we  have  extracted  from  old  timbers,  the  character  of  some  of  which 
are  shown  in  the  following  table  (Table  XII),  one  cannot  help  but  be 
impressed  with  the  fact  that  the  oils  which  are  now  in  old  timbers 
are  chiefly  composed  of  inert  substances.  We  are  not  unmindful  of 
the  fact,  however,  that  there  are  a  number  of  substances  present  in 
the  high  boiling  fractions  of  coal-tar  creosote  which  have  very  decided 
antiseptic  value. 

It  should  be  stated  that  all  of  the  timbers  represented  in  this  table 
were  still  perfectly  preserved.  It  is  regarded  as  most  unfortunate  that 
no  data  whatever  are  available  to  show  the  original  composition  of  any 
of  the  oils  injected  into  any  of  these  old  timbers.  While  one  might 
hazard  a  guess  as  to  the  probable  changes  which  have  taken  place  in 
the  various  oils  by  assuming  the  probable  nature  of  the  oils  used  at 
the  period  when  these  timbers  were  impregnated,  the  conclusions  would, 
after  all,  be  mere  guesses.  The  only  thing  which  we  beheve  to  be  of 
value  in  a  table  of  this  character  is  the  fact  that  the  amounts  of  the 
high  boiling  fractions,  including  pitches,  now  in  these  timbers  is  very 
much  higher  than  is  found  in  oils  as  they  are  now  manufactured  and 
likewise  very  much  higher  than  they  probably  were  in  the  oils  at  the  time 
they  were  treated.  The  general  character  of  coal-tar  creosote  has  not 
changed  sufficiently  during  the  last  thirty  years  or  thereabouts  to  make 
it  appear  reasonable  that  oils  should  Have  been  used  with  quantities  of 
residue  as  high  as  40  to  50  per  cent.  The  value  of  the  results  obtained 
by  the  mere  extraction  of  oils  from  old  timbers  where  the  original 
composition  is  not  known  must,  therefore,  be  regarded  as  very  slight, 
and  the  only  reason  why  this  table  is  inserted  in  the  present  discussion 
is  to  show  that  the  preponderating  amounts  of  the  oils  now  in  these 
timbers  consist  of  high  boiling  fractions  of  a  more  or  less  inert  character. 

The  results  of  the  investigations  described  in  this  paper  lead  to  the 
conclusion  that  the  actual  chemical  constituents  of  a  creosote  oil  must 
be  considered  as  of  minor  importance.  The  chief  requisites  for  a 
successful  creosote  oil,  i.  e.,  one  which  shall  preserve  wood  for  an 
indefinite  period  of  time,  should  be  that  the  oil  be  composed  of  com- 
pounds which,  because  of  their  high-boiling  points,  will  guarantee  the 
greatest  possible  stability.  Taking  the  oils  as  they  are  now  manu- 
factured, tlie  endeavor  should  be  to  reduce  the  low-boiling  fractions 
as  far  as  possible,  consistent  with  obtaining  an  oil  which  shall  be  fluid 
enough  at  all  .working  temperatures  to  obtain  a  thorough  and  equal 
penetration  throughout  the  mass  of  the  wood  fiber.  With  this  end  in 
view,  the  writers,  some  years  ago,  recommended  a  specification  for 
creosote   oil    which    has   been   materially    strengthened    by    the   results   of 
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the  investigations  just  described.  The  principal  points  in  connection 
with  this  specification  are  that  it  leaves  out  of  consideration  the  ques- 
tion of  relative  properties  of  compounds,  and  dwells  essentially  upon 
the  necessity  for  obtaining  fractions  of  a  high-boiling  character  as 
determined  by  fractional  distillation.  For  the  sake  of  clearness,  the 
specification   referred   to    follows   herewith : 

STANDARD    SPECIFICATION    FOR    COAL-TAR    CREOSOTE. 

The  oil  used  shall  be  the  best  obtainable  grade  of  coal-tar  creosote; 
that  is,  it  must  be  a  pure  product  of  coal-tar  distillation  and  must  be 
free  from  admixture  of  oils,  other  tars  or  substances  foreign  to  pure 
coal-tar;  it  must  be  completely  liquid  at  thirty-eight  (38)  degrees  Cen- 
tigrade, and  must  be  free  from  suspended  matter;  the  specific  gravity 
of  the  oil  at  thirty-eight  (38)  degrees  Centigrade  must  be  at  least  1.03. 
When  distilled  according  to  the  standard  method,  that  is,  using  an 
eight  (8)  ounce  retort,  asbestos  covered,  with  standard  thermometer, 
bulb  one-half  (I/2)  in.  above  the  surface  of  the  oil,  the  creosote,  cal- 
culated on  the  basis  of  the  dry  oil,  shall  give  no  distillate  below  two 
hundred  (200)  degrees  Centigrade,  not  more  than  five  (5)  per  cent, 
below  two  hundred  and  ten  (210)  degrees  Centigrade,  not  more  than 
twenty-five  (25)  per  cent,  below  two  hundred  and  thirty-five  (235) 
degrees  Centigrade,  and  the  residue  above  three  hundred  and  fifty-five 
(355)  degrees  Centigrade,  if  it  exceeds  five  (5)  per  cent,  in  quantity, 
must  be  soft.  The  oil  shall  not  contain  more  than  three  (3)  per  cent, 
water. 


(G)     DISCUSSION    ON    THE   EFFECT   OF   TREATED    TIES    ON 

ELECTRICAL   APPLIANCES    USED   IN    BLOCK   OR 

GENERAL   SIGNAL   SERVICE. 

By   S.   M.   RowE,   Consulting    Engineer. 

The  question  of  the  effect  of  -rinc-treated  ties  on  the  electrical  appli- 
ances used  in  the  block  or  general  signal  service  of  railroads  has  just 
been  called  to  the  writer's  attention  and  in  such  manner  as  to  indicate 
that  in  some  cases  this  has  been  found  serious,  and,  believing  it  to  be 
important  that  the  facts  be  known,  he  has  deemed  it  best  to  correspond 
with  the  signal  officers  on  the  various  lines,  addressing  an  inquiry  to 
each.  The  reason  that  it  applied  more  particularly  to  the  treatment  of 
railroad  ties  seemed  to  justify  the  writer  in  doing  this.  The  inquiry 
has  met  with  quite  free  and  cheerful  responses,  and  the  data  obtained 
are  therefore  placed  before  the  members  of  the  Association  for  general 
information   and  to  encourage   further  study  of  ihe  matter. 

The  writer  takes  this  means  of  thanking  tliose  who  have  contributed 
information  for  their  ready,  response. 

Chicago  &  Northwestern  Railway: — We  have  put  in  a  large  num- 
ber of  ties  which  have  been  through  the  zinc-chloride  treatment,  and 
our  experience  indicates  that  if  a  track  section  were  completely  re- 
newed with  ties  having  this  treatment,  it  would  be  impossible  to  operate 
a  section  over  1,200  ft.  in  length.  If,  however,  the  ordinary  renewals 
are  made  each  year,  that  is,  12  to  15  per  cent,  of  the  total  number  of 
ties  in  a  section,  there  is  very  little  trouble.  These  ties  act  as  con- 
densers, but  even  this   does  not  interfei^e  \\  ith  the  circuits. 

The  worst  trouble  with  ties  having  this  treatment  is  in  hot  or  dry 
weather,  whereas  in  cool,  wet  weather  the  effect  of  the  treatment  is 
practically  nil.  After  the  ties  have  been  in  the  track  about  one  year,  the 
effect  of  ties  on  circuits  seems  to  disappear,  so  that  if  the  ties  in  a 
track  are  renewed  in  the  ordinary  manner  they  may  be  in  a  few  years 
entirely  renewed  without  bad   results  to  the   signals. 

Illinois  Central  Railroad: — Regarding  the  use  of  red  oak  treated 
ties  in  territory  equipped  with  automatic  block  signals ;  in  1904  and 
1905  we  completed  a  piece  of  second  track  construction,  in  which  all 
the  ties  were  red  oak  treated  with  the  zinc-chloride  process,  and  we 
found  on  installing  the  automatic  block  service  that  the  track  circuits 
were  entirely  too  long  for  this  class  of  lies,  and  we  were  obliged  to 
reduce  them  about  50  per  cent,  in  length.  It  was  our  observation,  how- 
ever, that  the  conditions  that  required  this  reduced  length  of  circuit 
had   been    eliminated   as   the   ties   became   more   seasoned,    and    it    is    not 
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ntir  impression  that  \vc  would  meet  with  any  difficuhy  in  maintaining 
the  longer  track  sections,  even  in  track  that  was  entirely  laid  with 
zinc-chloride  treated  ties,  where  the  track  had  been  laid  long  enough 
so  that  the  ties  were  being  renewed  at  the  rate  of  three  or  four  hun- 
dred per  mile 'per  year. 

We  developed  by  investigation  that  we  would  experience  no  more 
trouble  with  a  track  of  this  kind  than  with  a  track  laid  with  white 
oak  ties,  where  freshly  laid  zinc-chloride  ties  do  not  exceed  25  per  cent, 
of  the  total. 

In  regard  to  the  cfTect  of  creosoted  ties  on  block  signals,  our  ex- 
perience is  so  limited  as  to  be  of  little  value.  Our  signal  people  claim 
that  they  observed  last  year  on  some  track  laid  with  rock  ballast,  and 
in  which  some  creosoted  ties  had  been  placed,  that  there  was  some  dis- 
turbance of  signal  circuits  and  some  reduction  in  the  length  of  the 
circuit  had  to  be  made.  However,  the  piece  of  track  in  question  was 
in  rather  bad  shape  for  ties,  a  very  large  number  being  put  in,  and 
the   condition   was   not   a   normal   one. 

It  seems  possible,  however,  that  we  may  find  some  difficulty  in 
maintaining  track  laid  exclusively  with  creosoted  ties,  but  this  we  can 
tell  very  little   about   at   this   time. 

Delaware,  Lackawanna  &  Western  : — In  reference  to  difficulties 
in  our  work  in  the  signal  system  from  treated  ties,  creosoted  or  other- 
wise— at  the  present  time  we  have  very  few  creosoted  ties  in  service. 
These  are  at  points  where  our  track  circuits  are  very  short,  and  we 
have  therefore  experienced  no  difficulty  in  working  our  signals  properly. 
We  have  had  some  difficulty  in  working  long  track  circuits,  say,  one 
mile  in  length,  where  green,  untreated  ties  have  been  laid,  but  trouble 
of  this  kind  has  been  of  short  duration.  We  have,,  however,  had  no 
end  of  trouble  on  account  of  refrigerator  cars  dropping  salt  brine  on 
the  tics,  which  in  turn  formed  a  good  conductor,  conveying  current 
from  one  rail  to  another  instead  of  going  back  to  relay,  causing  the 
relay  to  remain  open,  holding  the  signal  in  the  danger  position. 

Atchison,  Topeka  &  Santa  Fe: — About  the  only  reliable  case  we 
had  was  one  with  a  long  track  section  where  a  large  number  of  zinc- 
treated  ties  had  been  introduced  at  one  time.  We  could  not  get  current 
enough  to  the  far  end  of  the  section  to  work  the  relay.  It  was  easy 
enough  to  straighten  this  out  by  cutting  the  section,  but  we  wanted  to  find 
out  a  litile  more  about  the  matter,  therefore  made  some  tests  to  ascer- 
tain whether  we  could  not  work  the  same  section  with  some  rearrange- 
ment of  the  batteries.  In  making  this  test,  we  discovered  that  there 
was  a  developed  current  in  the  section  somewhere,  and  in  testing  for 
it  found  that  this  current  was  developed  by  the  application  of  our  own 
battery.  The  current  disappeared  finally  after  a  certain  discharge  and 
could  only  be  developed  by  one  polarity.  The  last  test  made  was  to 
use  the  lost  polarity  for  the  development  of  the  current,  and  after  taking 
a  reading  reversing  the  current  quickly  to  see  what  the  effect  would  be. 
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we    found    that    an    application    of    reversed    current    would    immediately 
neutralize   the  current  which   we   had   already  developed. 

We  were  not  able  to  continue  the  tests,  because  the  circuit  was 
in  service  and  had  to  be  kept  working,  but  our  deductions  were  that 
we  had  constructed  a  crude  kind  of  storage  battery  by  the  use  of 
treated  ties  in  connection  with  our  tie-plates,  spikes 'and  rails.  In  order 
to  do  away  with  this  trouble,  as  far  as  possible,  we  have  arranged  to 
cut  our  western  sections  down  to  half  a  mile,  and  believe  this  will  take 
care  of  all  conditions  unless  a  whole  half-mile  section  happens  to  be 
renewed  at  one  time. 

Great  Northern  Railway  : — We  have  been  through  one  severe 
experience  with  track  circuit  trouble,  where  a  new  line  was  laid  on  ties 
which  had  been  treated  to  the  zinc-chloride  process. 

When  we  first  set  up  our  batteries  on  this  work  it  was  found  that 
the  current  from  same  was  almost  wholly  lost  at  a  distance  of  from 
1,000  to  1,500  ft.  This  was  due  to  the  zinc  in  the  ties  serving  as  a 
conductor,  which  for  a  time  caused  a  decided  tendency  toward  short- 
circuiting  and  grounding  of  the  current  passing   through  the  fails. 

In  the  course  of  seven  or  eight  days  from  the  time  batteries  were 
connected  to  the  rails,  it  was  noticed  that  an  improvement  had  set  in 
and  gradually  from  that  time  on  the  treated  ties  gave  less  and  less 
trouble  until  practically  all  ill  effects  from  their  use  disappeared.  If 
a  similar  case  presented  itself  now,  we  would  arrange  to  connect  the 
track  batteries  with  the  rails,  not  less  than  30  days  prior  to  the  signal 
system  going  into  service,  thus  allowing  the  batteries  to  insulate  the 
spikes  from  the  ties,  which  is  the  effect  produced  by  the  small  electric 
current  passing  from  the  rails  to  the  ties  through  the  spikes. 

It  is  our  judgment  that  the  zinc-treated  ties  used  for  ordinary  yearly 
tie  renewals  will  not  cause  any  track  circuit  trouble.  The  length  of 
the  track  circuit  sections,  of  course,  has  a  bearing  on  the  subject.  It 
is  good  practice  to  limit  the  length  of  track  sections  to  3,000  ft.,  even 
though  non-treated  ties  are  used. 

We  do  not  know  that  the  creosoted  tie  has  caused  any  trouble  in 
this  direction. 


DISCUSSION. 

President  Berg: — Hie  next  report  is  that  of  the  Committee  on 
Ties,  Mr.  E.  B.  Gushing,  chairman.  In  the  absence  of  the  chairman,  the 
vice-chairman,  Mr.  Curtis,  will  present  the  report.  The  Secretary  will 
read  conclusion  i. 

The  Secretary: — (i)  That  the  method  for  analysis  of  coal-tar 
creosote   be   approved   as   good   practice. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — I  move  the  adoption 
of  the  conclusion. 

President  Berg: — Will  the  chairman  please  state  to  what  that  re- 
fers to  specifically? 

Mr.  W.  W.  Curtis : — It  refers  to  the  specifications  on  pp.  98  to 
10 1,  of  Bulletin  96. 

The  President : — That  will  carry  with  it  the  matter  shown  on  pp. 
98  to   lOi,  including  the  diagram  on  page  99,   of  Bulletin  96. 

(The  motion  was   carried.) 

President  Berg: — The  Secretary  calls  attention  that  certain  mat- 
ters should  be  dressed  up  the  Committee,  so  as  to  keep  it  in  speci- 
fication form.  The  Committee  will  take  cognizance  of  that,  and  the 
specifications  will  be  considered  as  adopted  with  such  understanding. 

The  Secretary: — (2)  That  the  method  for  determination  of  zinc 
in  treated  timbers  be  approved  as  good  practice. 

Mr.  W.  W.  Curtis: — The  conclusion  just  read  covers  the  matter 
appearing  on  pp.  102  to  105,  inclusive,  Bulletin  96. 

President  Berg: — The  question  is  on  the  adoption  of  this  conclusion. 
Any  remarks?     Has  the  chairman  any  remarks  to  make? 

Mr.  W.  W.  Curtis: — I  would  simply  call  attention  to  the  other 
matter  appearing  in  the  appendix,  which  will  prove  of  some  interest. 
I  want  to  congratulate  the  convention  on  the  apparent  burial  of  the 
question  of  the  adoption   of  a  standard   size   of  tie. 

(The  conclusion  was  adopted.) 

President  Berg: — The  Committee  is  dismissed,  with  the  thanks  of 
the  convention. 
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REPORT     OF     COMMITTEE     NO.     IX  —  ON     SIGNS, 
FENCES,  CROSSINGS  AND    CATTLE    GUARDS. 

(Bulletin  97.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

The  Board  of  Direction  has  assigned  the  following  subjects  to  your 
Committee  for  report : 

"(i)  Present  such  additional  recommendations  and  conclusions  cov- 
ering the  various  subjects  reported  on  in  the  previous  reports  of  the 
Committee,  as  may  be  considered   desirable." 

Your  Committee  has  no  further  recommendations  or  conclusions 
to  offer  relative  to  matters  previously  reported  on. 

The  second  subject  assigned  to  your  Committee  relates  to  "Snow 
fences,  snow  sheds  and  other  means  of  preventing  snow  accumulating, 
and  the  best  methods  of  clearing  tracks  and  snow  removal." 

In  taking  up  this  subject,  your  Committee  considered  it  desirable 
to  obtain  information  from  railroad  companies  as  to  their  practice  in 
regard  to  snow  removal,  etc.,  and  therefore  issued  the  following  circular 
of  inquiry: 

(i)     What  kind  of  snow  fence  are  you  using? 

(a)  Permanent  board  fence.     Give  description  or  plan. 

(b)  Portable  board   fence.     Give   description  or   plan,   and   copy   of 

instructions  as  to  location. 

(c)  Hedge   fences.      Give   description   and   kind   of  plant,    shrub   or 

tree  used,  with  original  and  maintenance  costs. 

(d)  Stone    walls.      Give    height    and    width,    and    statement    as    to 

efficiency. 

(e)  Earth  embankments.     Give  height  and  width,  and  statement  as 

to  efficiency. 

(f)  Old   ties.     State   whether   stood   on   end,   in   trenches,   or  con- 

structed like  worm  fences,  with  statement  as  to  efficiency. 

(g)  Describe  any  other  structure  or  method  used  to  prevent  snow 

from  accumulating  on  the  tracks. 
(2)     Do  you  slope  cuttings  to  overcome  accumulation  of  drifting  snow 
on  the  track? 

(a)  What  is  the  greatest  depth  of  cutting  where  this  treatment  is 

successful ? 

(b)  What  slope  is  used? 
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(3)  Have  you  widened  deep  cuts  for  the  express  purpose  of  provid- 

ing storage  for  drifting  snow? 
(a)     Give  description  and  efficiency. 

(4)  Do  you  use  snow  plows? 

(a)  Rotary.     Send  plan  or  description. 

(b)  Nose  plow.     Send  plan  or  description. 

(c)  Flangers  on  locomotives.     Send  plan  or  description. 

(d)  Flangers  on  cabooses  or  flanger  cars.    Send  plan  or  description. 

(5)  Do  you  use  salt  at  switches?     What  instructions  are  given  track- 

men concerning  its  use? 

(6)  Do  you  use  any  special  method  of  clearing  yards  of  snow? 

(7)  Have  you   made   any   experiments    with   the   melting   of   snow   on 

saw-tooth   roofs  or  shops  or  turntable  pits?     Describe  method 
and  efficiency. 

(8)  Do  you  use  any  special  method  to  prevent  formation  of  ice  at  the 

eaves  of  flat-roof  engine  houses?     Give  description. 

(9)  Have  you  snow  sheds  on  your  railway? 

(a)  For  level  fall  of  snow. 

(b)  For  snow  slides.     Send  plan  or  description. 

(10)     What    instructions    do    you    give    Construction    Engineers    in    the 
matter  of   elevating   roadbed   to   escape   drifting  snow   in   level 
snow  country? 
(a)     Do  you  give  any  special  instructions  in  mountain  work  as  to 
location  with  respect  to  snow  slides? 

A  large  amount  of  valuable  data  has  been  secured  in  answer  to  the 
foregoing  circular,  but  owing  to  the  pressure  of  other  matters  the  Com- 
mittee has  been  unable  to  digest  the  information  obtained  in  time  for 
presentation  to  this  convention.  We  therefore  request  further  time  in 
which  to  complete  our  report  and  suggest  that  the  subject  be  reassigned 
us  for  the  current  year. 

Members  of  the  Association  in  possession  of  information  relative 
to  this  subject  are  requested  to  send  it  to  the  Secretary  of  the  Associa- 
tion for  the  benefit  of  the  Committee. 

Respectfully  submitted, 

W.   D.  WiLUAMS,  Chairman. 

DISCUSSION. 

The  President : — The  Committee  on  Signs,  Fences,  Crossings  and 
Cattle-Guards  submits  a  report  of  progress.  In  the  absence  of  the  chair- 
man, the  Secretary  will  read  the  report. 

(The  Secretary  read  the  report  of  the  Committee.) 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  move  the  report  bo 
received  as  a  report  of  progress. 

(The  motion  was  carried.) 


REPORT  OF  COMMITTEE.  NO.  XVI.— ON  ECONOMICS 
OF   RAILWAY   LOCATION. 

PROGRESS  REPORT. 

To  flic  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

For  the  present,  the  Committee  desires  to  submit  a  report  of 
progress  only. 

Some  work  has  been  accomplished,  but  as  yet  it  is  not  ready  to 
ask  the  Association  to  take  decisive  action  on  any  of  the  points  which 
are  under  investigation  and   consideration. 

For  the  information  of  the  Association,  it  may  be  stated  that,  for 
geographical  reasons,  the  membership  of  the  Committee  has  been  divided 
into  an  Eastern  Section,  under  direct  supervision  of  the  Chairman,  and 
a  Western  Section,  presided  over  by  the  Vice-Chairman,  the  arbitrary 
line  of  division  of  residences  being  practically  the  longitude  of  Chicago. 

This  partial  report  is  submitted  simply  for  the  purpose  of  making 
the  Association  aware  of  the  lines  along  which  the  Committee  is  at 
present  working,  and  of  the  results  that  may  reasonably  be  expected. 
It  is  also  presented  with  the  idea  that  such  knowledge  may  stimulate  the 
members  generally  to  assist  in  furthering  the  acquisition  of  knowledge 
fundamental  to  the  true  economics  of  location  and  alinement. 

The   Eastern    Section    has   specially   under   consideration : 

(i)  The  value  in  pounds  per  ton  used  respectively  by  railway  engineers 
in  calculating  resistance   on  a   level   tangent. 

(2)  Whether  the  figure  is  based  upon  or  influenced  by  any  independent 

experimental  work. 

(3)  Whether  any  experiments  have  been  made  in  recent  years  which 
confirm  or  modify  the  commonly  accepted  value  of  0.04  per  cent, 
per  degree  of  curve   as   the  rate  of  compensation    for   curvature. 

(4)  The  results  of  experimental  data  indicating  the  eflfect  of  curvature 

of  various  degrees  on  the  wear  of  rails. 
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In  response  to  a  circular  which  was  issued  to  the  proper  officials 
of  the  principal  railways,  respectively,  asking  for  information  regarding 
the  foregoing,  fifty  r.eplies  were  received,  of  which  thirty-nine  gave 
more  or  less  definite  answers.  A  brief  discussion  of  the  answers  re- 
ceived is  here  given,  in  the  hope  that  it  may  lead  to  some  independent 
work  on  these  lines. 

The  answers  to  the  first  question  were  of  two  classes :  (a)  the 
straight  adoption  of  some  formula  for  resistance  (such  as  Wellington's, 
Baldwin's,  etc.),  or  (b)  some  value  or  table  of  values  which  were  based 
on  more  or  less  definite  experiments.  The  answers  of  the  first  class,  of 
course,  developed  nothing  new,  but  they  were  interesting,  because  they 
indicated  the  popularity  of  Wellington's  formulas.  Baldwin's,  Searles', 
and  the  "Engineering  News"  formulas  were  also  quoted.  The  flat  values 
varied  from  4  to  10  lbs.  per  ton,  and  averaged  about  6.5  lbs. 

Some  elaborate  series  of  values  were  quoted,  in  which  the  eflfcc'' 
of  velocity,  the  dead  weight  of  the  car,  the  proportion  of  live  load  to 
dead  load,  temperature  and  other  causes  for  variation,  were  duly  allowed 
for. 

To  the  second  question,  a  large  majority  of  the  answers  admitted 
that  no  independent  work  had  been  done. 

Regarding  the  third  question,  although  independent  experimental 
work  was  referred  to,  many  of  the  answers  merely  stated  the  practice 
regarding  curve  compensation.  There  was  a  remarkable  amount  of 
unanimity  in  saying  that  0.04  per  cent,  compensation  was  a  little  higher 
than  necessary ;  that  0.03  per  cent,  was  too  small,  and  that  0.035  per 
cent,  seemed  the  proper  figure.  As  usual,  there  were  variations,  which 
ranged  from  0.02  per  cent,  at  one  end  to  0.08  per  cent,  at  the  other 
extreme. 

The  results  of  some  tests  made  on  the  Pittsburg  &  Lake  Erie  Rail- 
road in  1904  were  quoted,  in  which  the  effect  of  ball  bearings  under 
the  center  plates  and  side  plates,  in  place  of  flat  bearings,  were  shown 
to  have  a  very  marked  influence  on  the  curvature  resistance,  and  hence 
on  the  proper  rate  of  compensation.  A  feature  of  the  answers  was  the 
tendency  to   use  a  higher   rate   for  the  sharper  curves. 

Regarding  the  fourth  question,  the  answers  were  nearly  unanimous 
in  saying  that  no  experimental  data  were  available.  Some  tests  on 
the  Baltimore  &  Ohio  Railroad  were  reported,  which  were  admittedly 
too  few  to  be  conclusive,  but  which  all  pointed  to  the  conclusion  that 
the  rail  wear  on  curves  does  not  increase  as  fast  as  the  curvature. 
Some  other  results  reported  in  regard  to  the  Norfolk  &  Western 
Railway,    apparently    indicated    a    rate    of    wear    which    varied    approxi- 
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mately  as  the  square  of  the  degree  of  curvature.  It  was  pointed  out 
tha':  the  rate  of  wear  is  greatly  affected  by  speec},  by  the  tightness 
of  the  gage,  and  also  by  the  use  of  ball  bearings  under  the  center  plates 
and   side  plates. 

The  Committee  would  urge  such  members  of  this  Association  as 
have  the  facilities  to  make  tests  on  the  lines  indicated  in  the  foregoing 
remarks,  but  in  order  that  ihe  information  obtained  should  be  com- 
parable, certain  features  which  modify  the  results,  and  whicjj^  are  re- 
sponsible for  the  discordant  results  hitherto  obtained  by  various  inves- 
tigators, should  either  be  eliminated  or  should  be  so  measured  and 
observed  that  their  effect  may  be  allowed   for. 

TESTS     FOR    RESISTANCE     ON     A     LEVEL     TANGENT. 

The  following  items,  among  others,  should  be  noted :  Weight  of 
empty  car,  weight  of  live  load,  velocity  (which  should  be  uniform), 
temperature,  weight  of  rail  and  character  of  bearings  on  car. 

TESTS     FOR     ACCURACY    OF    ALLOWANCE     FOR     COMPENSATION     FOR     CURVATURE. 

The  widening  of  the  gage  on  the  curves  should  be  tested;  the  use 
of  ball  bearings  under  the  cars  will  have  a  decided  influence,  and  should 
be  noted  if  used. 

TESTS    FOR    EFFECT    OF    CURVATURE    ON    RAIL    WEAR. 

A  series  of  curves  of  widely  different  radius,  which  are  all  on  one 
division  of  a  road,  and  which  are  subject  to  the  same  traffic,  may  be 
tested  by  annually  taking  up,  cleaning,  weighing  and  replacing  one  or 
more  rails  on  each  curve,  and  also  on  one  or  more  tangents.  The 
annual  loss  of  weight  will  approximately  indicate  the  rail  wear  and 
the  rate  in  relation  to  the  life  history  of  the  rail,  and  will  give  a 
close  measure  of  the  relation  between  rate  of  curvature  and  rail  wear, 
especially  as  compared  with  wear  on  a  tangent. 

The  special  features  of  the  work  at  present  being  investigated  by 
the  Western   Section  are   as   follows: 

(i)  The  most  economical  minimum  grade  on  which  trains  can  be 
operated,  so  that  it  may   become  a   line  of   greatest   possible   capacity. 

(2)  How  starting,  rolling,  flange  and  other  resistances  beyond  that 
of  gravity  can  be  reduced. 

(3)  The  economical  results  that  may  be  obtained  by  increasing 
the  proportion  of  net  to  emply  tonnage,  more  especially  on  the  lower 
grades. 

It  is  felt  that  the  question  of  reducing  the  starting  and  flange 
resistance  is  a  most  important  one,  for  on  a  very  low  grade  line  start- 
ing   resistance   generally   limits   the    tonnage    that    can   be   handled.     Any 
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portion,  therefore,  of  this  or  other  resistances  that  can  be  eliminated 
represents  economy  ,in  the  same  sense  as  that  obtained  by  spending 
money  in  reducing  grades. 

Heavy  expenditures  have  been  made  by  some  roads  to  reduce  ex- 
isting grades  to  as  low  as  0.4  per  cent.;  heavy  expenditures  are  being 
made  by  other  roads  to  reduce  grades  below  such  rate.  Take,  for  ex- 
ample, a  road  that  is  reducing  its  grade  to  0.4  per  cent.  The  aggregate 
resistance  on  the  maximum  grade  of  such  a  road,  using  6J/2  lbs.  as 
the  total  resistance  outside  of  gravity  (although  the  Committee  is  not 
as  yet  prepared  to  accept  this  amount  of  resistance  as  correct),  is  14V2 
lbs.  per  ton.  Of  this,  61/2  lbs.  (or  about  46  per  cent.)  is  due  entirely 
to  resistances  outside  of  that  of  grade. 

As  millions  of  dollars  have  been  spent  in  order  to  eliminate  a  few 
pounds  of  resistance  per  ton  by  reducing  grades,  is  it  not  practicable, 
and  may  it  not  be  truly  economical,  to  reduce  the  resistance  by  elimi- 
nating some  portions  of  flange,  rolling  and  other  frictional  resistances? 
Is  it  not  also  expedient  to  make  experiments  to  investigate  the  pos- 
sibility of  reducing  this  class  of  resistance,  as  well  as  by  trying  to 
reduce  a  few  pounds  per  ton  in  grade  resistance  by  the  expenditure 
of  immense  sums  of  money? 

Respectfully   submitted, 

William   McNae,   Principal  Assistant   Engineer,   Grand   Trunk   Railway, 

Montreal,   Canada,   Chairman. 
W.   L.    Darling,   Chief   Engineer,    Northern    Pacific    Railway,    St.    Paul, 

Minn.,  Vice-Chairman. 
"C.  Frank  Allen,  Mass.  Institute  of  Technology,  Boston,  Mass. 
R.  N.  Begien,  Asst.  Engineer,  B.  &  O.  R.  R.,  Baltimore,  Md. 
J.  B.  Berry,  Chief  Engineer,  Rock  Island  System,  Chicago,  111. 
V.  G.  BoGUE,  Vice-President  and  Chief  Engineer,  Western  Pacific,   San 

Francisco,   Cal. 
J.  F.  Burns,  Roadmaster,  L.  &  N.  R.  R.,  Elizabethtown,  Ky. 
Chas.   S.  Churchill,  Chief  Engineer,  N.  &  W.  Ry.,  Roanoke,  Va. 
W.  W.  CoLPiTTS,  Assistant  Chief  Engineer,  K.  C,  M.  &  O.  Ry.,  Kansas 

City,  Mo. 
W.  E.  Dauchy,  C,  M.  &  St.  P.  Ry.  of  Wash.,  Missoula,  Mont. 
A.  C.  Dennis,  Canadian  Pacific  Ry.,  Montreal,   Can.  v 

Lewis  Kingman,   Chief  Engineer,  Mexican   Central,  Mexico,   Mex. 
W.  B.  Storey,  Jr.,  Chief  Engineer,  Santa  Fe  Ry.  System,  Chicago,  111. 
Francis  Lee   Stuart,   Chief   Engineer,   Erie   Railroad,   New   York. 
W.  D.  Taylor,  Chief  Engineer,  Chicago  &  Alton  Railway,   Chicago. 
W.  F.  Tye,  Montreal,  Canada. 
W.  L.  Webb,  Consulting  Engineer,    Philadelphia,   Pa. 

Committee. 
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TIME    AS    AN    ELEMENT    IN    CONSIDERING    GRADE 
REDUCTIONS. 

(Bulletin   93.) 

By  A.   K.    ShurtlefFj   Office   Engineer,   Chicago,   Rocl<   Island   &   Pacific 

Railway. 

The  discussion  of  the  report  of  the  Committee  on  Economics  of 
Railway  Location  at  the  last  annual  convention  of  the  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association  brought  out  a 
point  that  has  been  often  neglected  and  too  little  understood  in  con- 
nection with  the  fixing  of  controlling  grades,  either  in  new  work  or 
the  work  of  grade  reduction.  The  time  required  in  passing  over  a 
g^ven  district  is  an  element  that  should  be  considered  in  order  to 
approximate  the  results  that  can  be  attained  in  actual  operation.  Com- 
petition, legislation  and  the  schedules  of  pay  for  engine  and  trainmen 
fix  the  maximum  time  allowable  in  passing  over  the  district.  The 
actual  running  time  is  of  necessity  less  than  this  total  time.  The 
density  of  traffic  and  distance  between  passing  tracks  materially  affect 
the  actual  running  time,  particularly  on  a  single-track  road,  as  the 
question  of  meeting  points  as  well  as  getting  in  the  clear  for  passing 
superior  trains  enters  into  the  question.  The  following  table  compiled 
from  the  train  sheets  of  different  operating  districts  and  covering 
fifteen  days'  time  on   each  district  illustrates   this   point : 


Trains  Each 

Distance  Between 

Freight  Trains 

District 

Way  Per  Day 

Passing  Tracks 

Time  Lost  in 

Stops  Per  Hour  on 

Road 

REMARKS 

A 

7 

6.1  miles 

12     min. 

All  Single  Track. 

B 

7.5 

4.5     " 

11.5 

"        "           " 

C 

S.5 

5.2     " 

12 

8  per  cent.  Double  Track.^ 

D 

10 

5.2     " 

15 

f 

13    "       "           "            •'  PH 

E 

10 

4.1      " 

17 

All  Single  Track.                *-i 

F 

12 

4.6     " 

21.5 

13  per  cent.  Double  Track. 

G 

12.5 

4.4     " 

8.5 

77 

H 

12.5 

4.5     " 

20.5 

All  Single  Track. 

I 

12.5 

4.3     " 

21 

"        "           " 

J 

13 

4.7     " 

17.5 

• 

"        "           •• 

K 

14.5 

4.6,.  " 

26.5      " 

District  G  in  the  above  table  illustrates  the  value  of  double  track 
as  a  time  saver,  yy  per  cent,  of  this  district  being  double  track. 

It  has  been  too  frequently  the  custom  to  base  the  estimate  of  sav- 
ings by  a  reduction  of  grade  on  the  train  mileage  saving,  estimating 
the  tonnage  that  may  be  hauled  at  lO  miles  per  hour  maintained  speed 
ori   each   of   the   gradients    under    consideration    without   considering   the 
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question  of  time.  It  is  true  that  the  same  locomotive  could  take  the 
heavier  train  over  the  lighter  grade,  but  unless  the  total  elevation  to 
be  overcome  is  not  sufficiently  reduced  this  heavier  train  will  be 
handled  at  a  greater  expenditure  of  time.  In  case  competition  or 
economy  does  not  permit  the  lengthening  of  the  time  over  the  district, 
the  tonnage  of  the  trains  must  be  reduced,  thus  causing  a  loss  of 
a  portion  of  the  benefits  estimated.  As  a  matter  of  fact,  on  any  engine 
district  where  a  locomotive  must  exert  its  maximum  power  at  all 
points  in  order  to  get  over  the  district  in  the  required  time,  there 
will  be  little  or  no  benefit  derived  in  reducing  the  maximum  gradient, 
providing  the  total  elevation  to  be  overcome  is  not  reduced.  This 
statement  may  be  questioned  by  many  engineers,  but  a  careful  study 
of  the  accompanying  profile,  time  diagram  and  methods  of  calculating 
the  same  should  demonstrate  to  the  satisfaction  of  the  most  skeptical 
the  absolute  correctness  of  the  assertion.  The  profile  is  an  assumed 
one,  covering  a  15-miIe  run  from  C  to  E.  The  maximum  grade  for 
the  solid  line  is  0.5  per  cent,  and  for  dotted  line  0.3  per  cent.  It  is 
further  assumed  that  either  gradient  can  be  obtained  without  lengtheiwng 
the  line. 

The  locomotive  considered  is  a  simple  consolidation  type,  weighing 
170  tons  in  working  order  and  capable  of  exerting  the  drawbar  pull 
on  level  grade  at  the  various  maintained  speed?  shown  in  following 
table : 


Speed 
IkLP.H. 

D.B.  Pull, 

Speed 

D.  B.  Pull, 

Speed 

D.  B.  Pull, 

Speed 

D    B.  Pull, 

Lbs. 

M.PH. 

Lbs. 

M.P.H 

Lbs. 

iM.P.H. 

Lbs. 

Start 

39,364 

9 

33,203 

18 

16,181 

27 

9,835 

1 

39,257 

10 

30,508 

19 

15,200 

28 

9.361 

2 

39,148 

11 

27,812 

20 

14,314 

29 

8.915 

3 

39,038 

12 

25,338 

21 

13,507 

30 

8,495 

4 

38,928 

13 

23,242 

22 

12,769 

31 

8,096 

5 

38,816 

14 

21,437 

23 

12,088 

32 

7,719 

6 

38,703 

15 

19,868 

24 

11,462 

33 

7,361 

7 

38,588 

16 

18,491 

25 

10,882 

?34 

7,020 

8 

35.896 

17 

17,272 

26 

10,341 

35 

6,692 

The    maximum    speed    permitted    for    freight    trains    is    assumed    to 
be  35   miles  per   hour. 

The   train    considered   is    composed   of   empties    or    light   loads.     Re- 
sistance on  level  grade  as  follows : 

Starting   13  lbs.  per  ton 

1  mile     per  hour. 9  lbs.  per  ton 

2  miles  per  hour 7  lbs.  per  ton 

3  miles  per  hour  and  over 6  lbs.  per  ton 

Grade   resistance   in   pounds   per   ton    is    equal   to  20   times   the    rate 

per  cent,  of  the  gradient. 

The    resistance   due    to   acceleration    and    the    energy    of    retardation 
7o(Vi»  — V,») 

is  equal  to ,  in  which  V2  and  Vi  represent  the  initial  and 

D 


ECONOMICS    OF    RAILWAY    LOCATION.  777 

the  terminal  velocities  in  miles  per  hour,  and  D  equals  the  distance  in 
feet    traveled    in    accelerating    or    retarding    the    velocity. 
Train  A  is  the  maximum  weight  train  that  can  be  hauled  on 
a    0.5    per    cent,    grade    at    10    M.P.H.    maintained    speed. 

Weight  of  train  behind  engine 1,800  tons 

Weight  of  engine  and  tender 170  tons 

Total  weight  of  train 1,970  tons 

Train   B   is   the   maximum   weight   train   that   can  be   hauled   on   a   0.3 
per  cent,  grade  at  10  M.P.H.  maintained  speed. 

Weight   of   train   behind    engine 2,457  tons 

Weight   of   engine    and    tender 170  tons 

Total    weight    of   train 2,627  tons 

Table  No.  i  gives  the  mean  power  of  the  engine  at  the  drawbar 
on  level  grades  between  the  velocities  given  in  the  first  column.  Under 
the  headings  "Train  A"  and  "Train  B"  is  given  the  total  resistance 
required  to  move  the  portion  of  the  train  back  of  the  engine  at  main- 
tained   mean   speeds. 

Under  the  head  of  "Difference"  is  given  the  total  difference  be- 
tween the  power  of  the  engine  and  the  resistance  of  train.  Where 
the  train  resistance  is  less  than  the  drawbar  pull  of  the  engine,  the 
excess  engine  power  would  be  used  in  accelerating  the  speed  of  the 
engine  and  train.  Where  there  is  a  deficiency  in  power,  the  speed 
would  be  retarded.  The  column  showing  difference  per  ton  is  obtained 
by  dividing  the  total  difference  by  the  total  weight  of  train,  including 
engine.  The  difference  per  ton,  therefore,  represents  the  resistance 
pf  acceleration  that  can  be  overcome  by  the  locomotive  where  it  is 
positive,  or  the  energy  of  retardation  that  can  be  realized  where  it  is  a 
negative  quantity. 

For  other  grades  than  a  level  grade,  this  differeiice  per  ton  would 
be  decreased  two  pounds  per  ton  for  each  one-tenth  per  cent,  change  in 
gradient  for  ascending  grades,   or  increased   for   descending  grades. 

Table  No.  2  gives  the  distances  traveled  in  accelerating  or  retarding 
speeds  from  mile  to  mile,  and  is  obtained  as  follows :  Transposing 
the   equation   for   resistance    due    to   acceleration,    we    have : 

70(Vi'  — V/) 

Feet  distance  traveled  = . 

R 

"R"  equals  the  difference  per  ton  between  power  of  engine  and 
resistance  of  train,  as  already  explained  in  connection  with  table  No.   i. 

The  distances  shown  above  the  heavy  lines  in  table  No.  2  are 
distances  traveled  in  acceleration;  those  below,  distances  traveled  in 
retardation  of  velocity. 

With  these  tables  prepared,  the  speed  that  can  be  attained  with 
the  engine  exerting  its  maximum  power  can  be  determined  at  the 
various  points  on  the  profile.     Tables  3  and  4  are  calculated  for  "Train 
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A"  via  the  0.5  per  cent,  and  0.3  per  cent,  gradients,  respectively.  Table 
S  is  for  "Train  B"  via  the  0.3  per  cent,  gradient.  These  tables  also 
show  the  time  from  point  to  point  and  the  total  time  in  traveling  the 
IS  miles.  It  will  be  noted  that  in  descending  there  is  practically  no 
difference  between  the  various  trains  and  grades,  but  in  ascending  the 
hill  the  time  for  train  A  is  the  same  on  either  the  0.5  per  cent,  or 
the  0.3  per  cent,  while  the  time  for  train  B  on  the  0.3  per  cent,  is 
over  30  per  cent,   longer  than   time   of  train   A. 

The  reason  for  this  difference  in  time  becomes  more  apparent  if 
we  consider  that  a  locomotive  can  develop  a  given  drawbar  horse- 
power at  each  speed,  this  horsepower  increasing  rapidly  from  the 
starting  point  to  a  maximum  at  a  point  slightly  above  the  velocity 
where  cut  off  must  be  shortened,  and  then  decreasing  gradually  in  a 
curve,  as  velocity  increases.  With  the  engine  considered  here,  the 
shortening  of  cut-off  takes  place  at  a  7  miles  per  hour  velocity  and 
maximum  cylinder  horsepower  as  well  as  drawbar  horsepower  is  ob- 
tained at  about  11  miles'  velocity.  Drawbar  horsepower  is  the  product 
of  drawbar  pull  times  velocity  in  miles  per  hour  divided  by  375.  The 
average  drawbar  horsepower  would  be  obtained  by  using  average  draw- 
bar pull  and  speed  in  this  equation.  The  average  drawbar  pull  per 
ton  of  train  on  any  two  profiles  having  the  same  elevation  to  overcome 
will  be  the  same,  providing  the  distance  and  conditions  of  weather,  track 
and  equipment  are  the  same.  Therefore  with  the  locomotive  working  at 
its  maximum,  any  increase  in  tonnage  of  train  would  necessitate  a 
decrease  in  the  average  velocity  of  train.  The  principle  demonstrated 
will  hold  good  no  matter  what  the  two  gradients  that  are  under  con- 
sideration may  be,  provided  the  engine  can  work  at  its  maximum  power 
without  exceeding  the  assumed  safe  maximum  velocity.  It  will  also 
hold  good  if  the  loading  of  the  trains  on  each  of  the  controlling 
gradients  be  at  any  other  practical  speed  than  the  10  mile  per  hour 
velocity   assumed   in   this   discussion. 

The  amount  of  additional  time  required  would  vary,  depending 
on  the  physical  features.  On  drag  districts,  where  the  ascent  is  all 
in  one  direction  and  generally  continuous  over  the  district,  the  addi- 
tional time  required  for  the  heavier  train  against  the  grade  would  be 
greater  than  on  districts  where  the  ascending  and  descending  grades 
balanced. 

For  convenience  and  illustration  two  such  districts  of  120  miles 
each  are  assumed  with  0.3  per  cent,  controlling  gradients  on  each  15 
miles,  as  shown  on  the  profiles.  Trains  are  to  stop  each  15  miles  for 
water  or  meeting  points.  The  first  district  has  120  miles  ascending 
grade.  The  second  district  has  60  miles  of  ascending  grade  and  60 
miles  descending.  The  actual  running  time  over  the  districts  would 
be  as   follows: 
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Train  A  Train  B         ,         Excess 


120  Mile  District,  Ascending  Grades...  .    9  Hr.    4  Min.      11  Hr.  52  Min.      2  Hr.  48  Min 
120  Mile  District^eO  Mile  Ascending    I     a  m,   oo  ivf  on  i   ^  -a     no -kit- 

—60    "     Descending  f  ^  Hr.  32  Mm.  8  Hr.  |   1  Hr.  28  Mm. 

The  above  would  represent  the  two  extremes  of  the  case  under 
consideration.  The  cases  where  anticipated  results  have  not  been 
realized  in  practice  arc  probably  due  to  the  fact  that  they  are  some- 
what similar  to  the  first  case,  with  the  great  bulk  of  traffic  moving 
against  the  grade,  and  this  controlling  grade  covering  the  major  portion 
of  the   district. 

Assuming  that  the  delay  or  time  lost  at  stops  averages  15  minutes 
for  each  of  the  seven  intermediate  stops,  there  would  be  i|4  hours'  addi- 
tional time  in  getting  over  the  district.  Schedules  of  pay  for  trainmen 
generally  specify  that  when  the  time  of  the  train  averages  less  than 
10  miles  per  hour,  overtime  will  be  paid  for.  The  above  districts  would 
require  pay  for  overtime  on  all  time  in  excess  of  12  hours,  with 
fractions  of  one-half  hour  or  more  counted  as  full  hours.  For 
every  Train  "B"  passing  over  the  120  miles  of  ascending  grade,  there 
would  be  two  hours'  overtime  to  be  paid  for.  Train  "A"  on  the  same 
district  would  have  one  hour  to  spare,  but  if  competition  should  require 
that  the  schedule  time  be  maintained  at  11  hours,  this  train  would 
have  accomplished  the  work  -on  the  0.5  per  cent,  controlling  grade 
without  the  expenditure  of  any  more  fuel  than  is  expended  on  the  0.3 
per  cent.   line. 

With  these  points  in  view,  it  would  certainly  seem  advisable  to 
work  up  a  time  diagram  on  the  different  grades  and  lines  before 
authorizing  the  expenditure  of  large  sums  of  money  for  the  reduction 
of  grades  in  order  to  determine  the  economical  gradient.  After  tables 
have  been  prepared  for  each  controlling  gradient  showing  the  distance 
traveled  in  accelerating  and  retarding  speeds  on  the  various  grades,  a 
few  days'  time  only  will  be  required  to  work  up  time  diagrams  on 
an  average  engine  district,  with  a  possibility  of  saving  a  large  waste 
in   money. 
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TABLE  1. 

Showing  mean  power  at  draw-bar  of  engine  on  level  grade;  mean  train  resistance,  and 
difference  reduced  to  pounds  per  ton  of  train  used  in  acceleration  or  retardation  of  velocity. 


Train  A 

Train  B 

Mean  Power 
at  Draw-bar 

Velocity 

DiffereTi*^^     •  - 

Differ^'Tinp 

M.  P.  H. 

Maintained 
Speed 

Train 
Resistance 

Train 
Resistance 

Total 

Per  Ton 

Total 

Per  Ton 

0—  1 

39,310 

19,800 

19,510 

9.90 

27,027 

12,283 

4.68 

1—  2 

39,202 

14,400 

24,802 

12.59 

19,656 

19,546 

7.44 

2—  3 

39,093 

11,700 

27,393 

13.91 

15,970 

23,123 

8.80 

3—  4 

38,983 

10,800 

28.183 

14.31 

14.742 

24,241 

9.23 

4^  5 

38,872 

'* 

28,072 

14.25 

** 

24,130 

9.19 

5—  6 

38,759 

" 

27,959 

14.19 

" 

24,017 

9.14 

&—  7 

38,646 

*' 

27,846 

14.14 

'* 

23,904 

9  10 

7—  8 

37,242 

" 

26,442 

13.42 

** 

22,500 

8  56 

8—  9 

34,550 

" 

23,750 

12.06 

" 

19,808 

7.54 

9—10 

31,855 

** 

21,055 

10.69 

'* 

17,113 

6  51 

10-11 

29,160 

** 

18,360 

9.32 

" 

14,418 

5.49 

11—12 

26,575 

** 

15,775 

8.01 

*' 

11,833 

4.50 

12—13 

24,290 

** 

13,490 

6.85 

'• 

9,548 

3.63 

13—14 

22,339 

" 

11,539 

5.86 

" 

7,597 

2.89 

14r-15 

20,652 

'* 

9,852 

5.00 

" 

5,910 

2.25 

15—16 

19,179 

*' 

8,379 

4,25 

" 

4,437 

1.69 

16—17 

17,882 

" 

7,082 

3.59 

" 

3,140 

1.20 

17—18 

16,726 

*' 

5,926 

3.01 

" 

1,984 

0.75 

18—19 

15,690 

4,890 

2.48 

948 

0  36 
0.09 

19—20 

14,757 

3,957 

2.01 

15 

19.5 
—0.08 

20—21 

13,910 

*' 

3,110 

1.58 

" 

—832 

—0.32 

21—22 

13,138 

*' 

2,338 

1.19 

" 

—1,604 

—0.61 

22—23 

12,429 

" 

1,629 

0.83 

" 

—2,313 

—  0.88 

23—24 

11,775 

975 

0.49 

" 

—2,967 

—1.13 

24—25 

11,172 

372 

0.19 
0.01 

—3,570 

—1.36 

25—26 

10,612 

" 

—188 

25.2 
—0.12 
—0.36 

*' 

—4,130 

—1.57 

26—27 

10,088 

" 

—712 

" 

—4,654 

—1.77 

27—28 

9,598 

•' 

—1,202 

—0.61 

" 

—5,144 

—  1.96 

28—29 

9,138 

** 

—1,662 

—0  84 

" 

—5,604 

—2.13 

29—30 

8,705 

** 

—2,095 

—1.07 

" 

—6,037 

—2.30 

30—31 

8,295 

" 

—2,505 

—1.27 

—6,447 

—2.45 

31—32 

7,907 

'* 

—2,893 

—1.47 

—6,835 

—2.60 

32—33 

7,540 

*' 

—3,260 

—1.65 

" 

—7,202 

—  2.74 

33—34 

7,190 

" 

—3,610 

—1.83 

" 

—7,552 

—2.87 

34r-35 

6,856 

—3,944 

—2.00 

—7,886 

—3  00 
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TABLE:2. 

Distances  in  feet  traveled  in  accelerating  or  retarding  velocity  with  locomotive  work- 
ing full  power  on  various  gradients. 

Heavy  lines  indicate  where  train  can  maintain  velocity. 


Velocity 

Train"" 

A 

Train  B 

From — 

to 

M.  P.  H. 

—0.5 

—0.3 

—0.1% 

0.0 

+  0.1% 

+  0.3% 

+  0.5 

—0.3 

0.0 

+  0.3 

% 

% 

% 

% 

% 

0—  1 

4 

5 
11 

6 

7 

9 

18 

Can't 
Start 

7 

15 

Can't 
Start 

1—  2 

9 

14 

17 

20 

32 

81 

16 

29 

146 

2—    3 

15 

18 

22 

25 

29 

44 

90 

24 

40 

125 

3—  4 

20 

24 

30 

34 

40 

59 

114  1 

32 

53 

152 

4—  5 

26 

31 

39 

44 

51 

77 

148 

42 

69 

198 

5—  6 

32 

38 

48 

54 

64 

94 

184 

51 

84 

245 

&—  7 

38 

45 

57 

64 

75 

112 

220 

60 

100    294 

7—  8 

45 

54 

68 

78 

92 

143 

307 

72 

123 

410 

8—  9 

54 

66 

85 

99 

118 

197 

578 

90 

158 

j  774 

9—10 

64 

80 

105 

125 

153 

286 

1928 

106 

205 

2609 

10—11 

74 

93 

130 

158 

201 

449 

2162 

128 

268 

2884 

11—12 

89 

115 

161 

201 

268 

802 

809 

154 

358 

1073 

12—13  , 

104 

136 

198 

256 

361 

2059 
3068 

556 

182 

482 

739 

13—14 

119 

161 

241 

323 

490 

13.3  — 

4  78 

457 

212 

654 

608 

14—15 

135 

185 

290 

406 

677 

2f^30 

406 

246 

903 

541 

15—16 

152 

212 

349 

515 

965 

1241 

378 

282 

1285 

503 

16—17 

169 

241 

415 

644 

1453 

959 

361   ' 

321 

1925 

481 

17—18 

188 

272 

489 

814 

2428 

820 

355 

363 

3268 

467 

18—19 

208 

306 

578 

1045 

5396 
8960 

736 

344  ; 

407 

7195 
14972 

459 

19—20 

228 

341 

681 

1358 

19.5  — 
16548 

684 

341 

455 

19.5  ^ 

17281 

455 

20—21 

248 

379 

802 

1817 

6833 

649 

341 

505 

8969 

454 

21—22 

269 

419 

944 

2576 

3717 

637 

341 

558 

4936 

455 

22—23 

290 

461 

1113 

3796 

2697 

612 

343 

616 

3580 

458 
46f 

23—24 

314 

507 

1321 

6714 

2180 

608 

346 

676 

2916 

24^25 

337 

554 

1567 

18053 
50200 

1895 

594 

350 

739 

2525 

466 

25—26 

361 

604 

1870 

25.2  i— 
29750 

1709 

587 

355 

806 

2276 

472 

26—27 

385 

658 

2264 

10306 

1573 

587 

359 

877 

2097 

478 

27—28 

410 

714 

2771 

6313 

1475 

587 

364 

953 

1965 

484 

28—29 

436 

776 

3445 

4750 

1405 

585 

369 

1031 

1874 

491 

29—30 

463 

838 

4442 

3867 

1346 

585 

374 

1116 

1796    498 

30—31 

490 

903 

5850 

3367 

1306 

589 

379 

1203 

17441  505 

31—32 

520 

974 

8324 

2997 

1271 

593 

384 

1297 

1696 

513 

32—33 

548 

1046 

13000 

2760 

1247 

596 

391 

1396 

1661 

521 

33—34 

575 

1125 

27588 
59938 

2564 

1225 

600 

397 

1499 

1635 

529 

34—35 

604 

1208 

34.5  — 
55284 

2415 

1208 

604 

402 

1610 

1610 

537 

■HHH^ 

' 

^"^"'" 
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TABLE  3. 

Showing  velocity  attained  ami  time  required  in  passing  over  the  15  milef:. 
Train  A,  via  0.5%  grade  line. 


Mean  Velocity 

1 

Minutes 

g   Station 

Velocity 
M.  P.  H. 

Distance 
Feet 

Minutes 
Time 

Total 

Time 

M.  P.  H. 

Ft.  per  Min. 

Ascending 

0 

0 

0+24 

2 

1 

88 

24 

0.27 

0+83 

4 

3 

264 

59 

0.22 

1+81 

6 

5 

440 

98 

0.22 

3  +  23 

8 

7 

616 

142 

0.23 

5  +  47 

10 

9 

792 

224 

0.28 

9  +  06 

12 

11 

968 

359 

0.37 

14  +  85 

14 

13 

1144 

579 

0.51 

20 

15.2 

14.6 

1285 

615 

0.40 

2.50 

27  +  72 

16 

15.6 

1373 

772 

0.56 

42  +  25 

17 

16.5 

1452 

1453 

1.00 

1  .4 

66  +  53 

18 

17.5 

1540 

2428 

1.58 

1 

120  +  49 

19 

18.5 

1628 

5396 

3.31 

198 

19.4 

19.2 

1690 

7751 

4.59 

13.64 

213  +  74 

15 

17.2 

1514 

1574 

1.04 

222  +  37 

13 

14 

1232 

863 

0.70 

236  +  02 

11 

12 

1066 

1365 

1.29 

'1 

257  +  64 

10 

10.5 

924 

2162 

2.34 

376 

10 

10 

880 

11836 

13.45 

32.36 

379  +  59 

12 

11 

968 

359 

0.37 

385  +  38 

14 

13 

1144 

579 

0.51 

394+59 

16 

15 

1320 

921 

0.70 

409  +  17 

18 

17 

1496 

1458 

0.98 

• 

416 

18.6 

18.3 

1610 

683 

0.42 

35.34] 

527  +  18 

19.5 

19.05 

1676 

11118 

6.63 

594 

19.5 

19.6 

1716 

6682 

3.89 

45.86 

610+08 

15 

17.25 

1518 

1608 

1.06 

618  +  71 

13 

14 

1232 

863 

1         0.70 

632  +  36 

11 

12 

1056 

1365 

1.29 

"(.-^ 

663  +  98 

10 

10.5 

924 

2162 

1         2.34 

772 

10 

10 

880 

11802 

13.41 

64.66 

776  +  59 

12 

11 

968 

359 

0.37 

792 

0 

6 

628 

1641 

3.11 

68.14' 

Descending 

792 

0 

772 

15.2 

(Same  as  fro 

m  Sta.  0  to  2 

0,  ascendin 

g)     2.50 

2.60 

762  +  85 

20 

17.6 

1649 

915 

0.59 

748  +  27 

25 

22.5 

1980 

1458 

0.74 

727  +  72 

30 

27.5 

2420 

2055 

0.85 

700  +  35 

35 

32.5 

2860 

2737 

0.96       1 

694 

35 

35.0 

3080 

10635 

3.45 

9.09 

416 

34.8 

34.9 

3071 

17800 

5.79 

14.88 

376 

33.2 

34.0 

2992 

4000 

1.34 

365  +  36 

35.0 

34.1 

3001 

1064 

0.35 

198 

35.0 

35.0 

3080 

16736 

5.43 

22.00 

20 

34.8 

34.9 

3071 

17800 

5.79 

27.79 

0 

0 

17.4 

1631 

2000 

1.31       1 

29.10 
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TABLE  4. 
Train  A,  via  0.3%  grade  line. 


Mean  Velocity 

tation 

Velocity 

Distance 

Minutes 

Minutes 

M.  P.  H. 

M.  P.  H. 

Ft.  per  Min. 

Feet 

Time 

Total 
Time 

A.8cending 

0 

0 

20 

15.2 

(Same  as  St 

a.  0-20.  Table 

3.) 

2.50 

2.50 

42  +  78 

14 

14.60 

1285 

2278 

1.77 

90  +  56 

13.3 

13.65 

1201 

4778 

3.98 

376 

13.3 

13.3 

1170 

28544 

24.39 

32.64 

378  +  26 

14 

13.65 

1201 

226 

0.19 

387  +  47 

16 

15 

1320 

921 

0.70 

402  +  05 

18 

17 

1496 

1458 

0.98 

416 

19.3 

18.65 

1641 

1395 

0.85 

36.36 

425  +  41 

18 

18.65 

1641 

941 

0.57 

443  +  20 

16 

17 

1496 

1779 

1.19 

475  +  91 

14 

15 

1320 

3271 

2.48 

523  +  69 

13.3 

13.65 

1201 

4778 

3.98 

772 

13.3 

13.3 

1170 

24831 

21.22 

64.80 

792 

0 

6.65 

585 

2000 

3.42 

68.22 

Descending 

792 

0 

772 

15.2 

(Same  as  St 

a.  0-20,  Table 

3.) 

2.60 

2.50 

758  +  70 

20 

17.6 

1549 

1330 

0.86 

735  +  50 

25 

22.5 

1980 

2320 

1.17 

699  +  60 

30 

27.5- 

2420 

3590 

1.48 

647  +  04 

35 

32.5 

2860 

6256 

1.84 

416 

35 

35.0 

3080 

23104 

7.50 

15.35 

376 

33.4 

34.2 

3010 

4000 

1.33 

16.68 

357  +  17 

35 

34.2 

3010 

1883 

0.63 

20 

35 

35.0 

3080 

33717 

10.95 

28.20 

0 

0 

17.6 

1540 

2000 

1.30 

29.56 
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TABLE  6. 
Train  B,  via  0.3%  grade  line. 


Mean  Velocity 

Minutes 

Station 

Velocity 
M.  P.  H. 

Distance 
Feet 

Minutes 
Time 

Total 

Time 

M.  P.  H. 

Ft.  per  Min. 

Ascending 

0 

0 

0  +  44 

2 

1 

88 

44 

0.50 

1+37 

4 

3 

264 

93 

0.35 

2  +  90 

6 

5 

440 

163 

0.35 

5  +  13 

8 

7 

616 

223 

0.36 

8  +  76 

10 

9 

792 

363 

0.46 

15  +  02 

12 

11 

968 

626 

0.65 

20 

13 

12.5 

1100 

498 

0.45 

3.12 

27  +  39 

12 

12.5 

1100 

739 

0.67 

38  +  12 

11 

11.5 

1012 

1073 

1.06 

66  +  96 

10 

10.5 

924 

2884 

3.12 

376 

10 

10 

880 

30904 

35.12 

43.09 

382  +  26 

12 

11 

968 

626 

0.65 

393  +  62 

14 

13 

1144 

1136 

0.99 

402  +  65 

15 

14.5 

1276 

903 

0.71 

416 

16 

15.5 

1364 

1335 

0.98 

46.42 

426  +  44 

14 

15 

1320 

1044 

0.79 

432  +  52 

13 

13.5 

1188 

608 

0.51 

439  +  91 

12 

12.5 

1100 

739 

0.67 

450  +  64 

11 

11.5 

1012 

1073 

1.06 

479  +  48 

10 

10.5 

924 

2884 

3.12 

772 

10 

10 

880 

29252 

33.24 

85.81 

776  +  50 

11.5 

10  75 

946 

450 

0.48 

792 

0 

5.75 

506 

1550 

3.06 

89.35 

Descending 

792 

0 

772 

13 

(Same  as  St 

a.  0-20,  ascen 

ding.) 

3.12 

3.12 

767  +  42 

15 

14 

1232 

458 

0.37 

749  +  14 

20 

17.5 

1540 

1828 

1.19 

718  +  20 

25 

22.5 

1980 

3094 

1.59 

670  +  37 

30 

27.5 

2420 

4783 

1.98 

600  +  32 

35 

32.5 

2860 

7005 

2.45 

416 

35 

35 

3080 

18432 

5.98 

16.68 

376 

32.5 

33.75 

2970 

4000 

1.35 

337+93 

35 

33.75 

2970 

3807 

1.28 

20 

35 

35 

3080 

31793 

10.32 

0 

0 

17.5 

1540 

2000 

1.30 

30.93 

DISCUSSION   OF  PAPER  ON   "TIM'E  AS   AN   ELEMENT    IN 
CONSIDERING  GRADE  REDUCTIONS." 

By  R.   N.  Begien,  Assistant  Engineer,   Baltimore  &  Ohio  Railroad. 

Mr.  A.  K.  Shurtleff's  paper,  published  in  Bulletin  93,  brings  up 
the  valuable  point  that  time  should  be  considered.  However,  in  the 
opinion  of  the  writer,  both  the  method  of  computation  and  the  con- 
clusions drawn  are  open  to   considerable  argument. 

Theoretically,  in  any  case  where  loads  are  to  be  raised  over  a 
certain  elevation,  it  is  evident  that  with  the  same  power  a  heavier  load 
will  require  more  time  than  a  light  one,  regardless  of  grade. 

Take  a  slow  freight  business  of  7,000,000  tons  per  year  with  the 
train  loads  as  used   in  the  paper  mentioned. 

Train  A  1,800  tons 

Train  B   2,457  tons 

7,000,000  tons  divided  by  1,800  equals  3,888  trains  per  year. 
7,000,000  tons  divided  by  2,457  equals  2,849  trains  per  year. 

Difference   1,039  trains  per  year. 

Since  the  120-mile  continuous  uphill  represents  the  worst  case,  let 
us  consider  that. 

The  .5  per  cent,  grade  would  call  for  1,039  engine  trips  in  each 
direction  more  than  the  .3  per  cent,  grade,  or  2,078  trips  in  all.  If 
engine  and  tender  weighed  170  tons,  then  353,260  Ions  per  year  would 
be   the   excess   tonnage  moved   over  the   .5   per  cent,   grade. 

The  car  movement  would  be  the  same.  Since  the  rating  downhill 
would  be  the  same  in  either  case,  then  train  A  would  have  to  pay  for 
1,039x120  miles,  or  124,580  miles  extra  mileage  for  engine  and  train 
crews  per  year. 

Assuming  the  times  for  trains  A  and  B  to  be  correct  as  stated  hi 
the   paper,   we  have  as    follows : 

Running  Time.       Delays.         Actual  Time.      Overtime 

Train  A   9h.    4m.  ih.  4Sm.  loh.  49m. 

Train  B    iih.  52m.  ih.  45m.  I3h.  37m.  ih.  37m. 


2  hours  pay. 
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Using  Mr.  G.  R.  Henderson's  rates  of  pay  (Cost  of  Locomotive 
Operation),  we  have  as  follows: 

Engineman's  rate  $4-25  per  lOO  miles  lo  m.  p.  h.  rate 

Fireman's  rate  2.75  per  100  miles  10  m.  p.  h.  rate 

Engine  Crew  $7.00  per  100  miles  10  m.  p.  h.  rate 

8.40  per  120  miles  10  m.  p.  h.  rate 

Seventy  cents  an  hour   for  overtime  and   straight  running. 

Freight  conductors  at  $89.70  per  month  of  2,600  miles  in  26  days; 
excess  mileage  at  the  same  rate,  3.45  cents  per  mile. 

Freight  brakemen  at  $59.80  per  month  of  2,600  miles  in  26  days,  at 
rate  of  2.3  cents  per  mile ;  same  rate  for  excess  mileage. 

Taking  a  train  crew  of  a  conductor  and  two  brakemen,  the  com- 
bined rates  are  3.4S  plus  2.3  plus  2.3  equals  8.05  cenls  per  mile,  or  80.5 
cents  per  hour. 

Train  A  will  be  on  a  mileage  basis 8.05  cents  per  mile. 

Train  B  will  be  on  an  hourly  basis 80.5     cents  per  hour. 

As  Mr.  Henderson's  method  of  analysis  is  convenient  (Railroad 
Gazette,  p.  10,  Vol.  XL),  we  will  pursue  it  further,  with  slight  variations. 

COMPARATIVE    COST    OF    TRANSPORTATION    TRAINS    A    AND    B. 

A  B 

Average  running  speed,  m.  p.  h.        13.23  10.11 

Weight   train,    including   engine.         1,970  2,627         Tons. 

Ton  miles  per  trip 236,400  315,240 

Running    time,    iiours 9h.    4m.  llh.  52m. 

.Actual    time lOh.  49m.  13h.  37m.      Pay    14    hours. 

Average  actual  speed,  m.  p.  h. .          11.1  8.81 

Coal  per  mile,   pounds 220  270         Comparative. 

Coal    per    trip,    pounds 26,400  32,400 

Water    per   trip,    gallons 19,800  24,300 

Cost    of    coal $  26.40  $  32.40         $2.00   per   ton. 

Cost  of  water 1.98  2.43         10  cents  per  1,000  gals. 

Cost  of  lubrication .37  .37         $3.06  per  1,000  E.  M. 

Cost   of   supplies .20  .20         Allowance. 

Cost  of  repairs  per  trip 15.00  19.20         Ic.     per    ton     tractive 

force    per    mile,    plus 
Ic.    per    engine    mile. 

Allowance  renewals  trip 1.20  1.20 

Enginemen   and   firemen 8.40  9.80         B  has  overtime. 

Cost  handling  at  terminals 2.00  2.00         Cost    per    turn. 

Interest  allowance 1.58  1.86         Loco.    cost.    $18,000. 

Locomotive   cost   per   trip 57.13  69.46 

Cost  of  train  supplies 2.25  2.25         Assumed   per    trip. 

Cost  of  car  repairs 48.00  60.00         Ic.  per  car  mile. 

Trainmen    per    trip 9.66  11.27 

Total  cost   of  movement 117.04  142.98 

Cost  per  1,000  ton  miles .495  .453 

Difference .042 

As  cost  of  operation  is  considered,  the  ton  mileage  of  engines  is 
also  included  in  the  above  statement. 

Based  on  yearly  traffic  of  7,000,000  tons,  we  have  840,000,000  ton- 
miles  per  year. 

Engine  ton  mileage  of  train  A — I70X3,888X  120=79,315,200  ton  mi.  per  yr. 
Engine  ton  mileage  of  train  B — I70X2,849X  120=58,119,600  ton  mi.  per  yr. 


Difference  21,195,600  ton  mi.  per  yr. 
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Train  A  shows  an  additional  cost  per  1,000  ton  miles  of  $.042,  which 
will  apply   to  861,195,600  ton  miles   per  year. 

This  amounts  to  a  saving  of  $36,170.00  per  year  for  train  B. 

Since  longer  trains  may  be  taken  down  hill  than  can  be  brought 
up,  it  is  certain  that  the  engines  and  crews  will  have  to  deadhead  back 
or  else  help  a  train  which  otherwise  would  not  need  them.  This  is 
true  in  a  comparative  sense,  although  it  might  be  possible  that  the  bal- 
ance of  the  business  in  each  direction  would  utilize  these  engines  and 
crews  on  the  same  or  a  different  class  of  traffic. 

COST    OF    RETURNING    ENGINE,    TRAIN    CREW    AND    CABOOSE. 

Running    speed,    miles    per    lir..        30  Repairs  per  trip $  2.70 

Weight    of    train,    tons 200  Allowance   for   renewals 1.00 

Ton    miles    per    trip 24,200  Engineman    and    fireman 8.40 

Running    time,    hours 4  Cost  of  handling  at   terminals.     1.00 

Actual     time,     hours 4.8  Interest  allowance 70 

Average   speed,    m.    p.    h 25  Locomotive  cost  per  trip 16.53 

Coal    per    mile     (estimated)...        20  Train   supplies  per  trip .50 

Coal    per    trip    (estimated) 2,400  Car    repairs 1.20 

Water    used,     gallons 1,800  Trainmen    9.66 

Cost  of  coal $2.20  Total   cost  of   movement 27.89 

Cost  of  water 18  Cost    per    1,000    ton    miles *1.16 

Lubrication    25  *Note   high   cost   per   ton    mile   due- 
Cost  of  supplies 10  to  speed  and  light  train. 

In  a  year's  time  on  ihe  assumed  traffic  there  would  be  1,039  of  these 
movements. 

1,039  ^  $27.89  =  $28,977.71  per  year. 

The  above  amount  is  a  charge  against  the  .5  per  cent,  ruling  grade. 

In  addition  to  the  foregoing,  there  would  be  the  effect  of  1,039  addi- 
tional engine  movements  in  each  direction  on  the  maintenance  of  way. 
Suppose  (as  generally  assumed)  that  the  expense  of  maintenance  of  way 
is  diie  one-half  to  engines  and  one-half  to  cars  :  $700.00  per  mile  per  year 
is  an  extremely  conservative  figure  for  cost  of  maintenance  of  way; 
$350.00  per  mile  due  to  engines,  and  $350.00  to  cars.  The  number  of 
cars  per  year  is  the   same  for   each   movement. 

1,039  extra  engine  movements  in  each  direction  is  2,078  per  year, 
or  T2)  per  cent,  more  engine  movements  than  will  be  required  with  train 
B  rating. 

It  is  fair  to  assume  for  an  approximation  of  the  effects  of  mainte- 
nance of  way  that  the  cost  of  maintenance  of  way  on  the  .5  per  cent. 
grade  will  be  $350  -f  $350  plus  {yz  per  cent.  X  $35o)  =  $95S-So,  or 
$255.50  more  per  mile  for  maintenance  of  way  than  on  the  .3  per  cent, 
grade. 

This  figure  seems  to  be  fair,  as  the  down  hill  movement  on  the  .5 
per  cent,  grade  will  probably  need  more  application  of  brakes,  and  thus 
be  harder  on  the  tracks. 

$255.50  X  120  miles  =  $30,660.00  per  year. 

No  particular  accuracy  is  claimed  for  the  last  amount,  but  some 
allowance  is  necessary. 
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The  advantages  of  the  .3  per  cent,  grade  may  then  be  summed  up  as 
follows : 

Savings  due  to  increksed  rating $36,170.00  per  year 

Savings  due  to  return  of  motive  power 28,978.00  per  year 

Savings  due  to  maintenance  of  way 30,660.00  per  year 

Total     $95,808.00  per  year 

Capitalized  at  4  per  cent,  is  $2,395,200.00,  which  would  be  the  justifi- 
able expenditure  to  secure  a  .3  per  cent,  grade  instead  of  a  .5  per  cent, 
grade,  based  on  the  traffic  assumed. 

Without  having  the  dimensions  of  the  locomotives  considered,  it  is 
impossible  to  check  the  drawbar  pulls  shown  in  table  i.  However,  it 
would  seem  unusual  to  find  such  a  difference,  as  is  shown,  between  the 
tractive  force  at  five  and  ten  miles  per  hour.  Locomotives  are  generally 
designed  to  take  steam  at  full  stroke  to  at  least  ten  miles  per  hour. 
The  drawbar  pulls  shown  are  probably  a  good  average  of  what  may  be 
expected  in  the  way  of  a  continuous  performance,  but  it  is  not  probable 
that  the  pulls  below  ten  miles  an  hour  would  be  considered  in  making 
up  a  train  to  operate  over  the  profile  shown. 

With  regard  to  the  train  resistances,  it  would  appear  as  if  there 
were  some  mistake.  It  is  impossible  that  the  train  resistance  should 
be  the  same  at   four  miles  per  hour  and  at   35  miles  per  hour.     Using 

V 
Engineering  News  formula  R  =  2  +  —  the  speed  resistance  at  35  miles 

4 
per  hour  is  10.75  "-s.  per  ton,  which  would  amount  to  19,350  lbs.  on  an 
1,800-ton  train  and  26,413  lbs.  on  a  2,457-ton  train.  Experiments  to  find 
the  value  of  train  resistance  have  been  many,  and  some  of  them  show 
lower  results  than  the  Engineering  News  formula,  but  none  would  jus- 
tify the  assumption  that  the  resistance  at  4  and  35  miles  per  hour  is 
the  same. 

The  figures  used  in  the  paper  give  inaccurate  results,  which  lead  to 
wrong  conclusions. 

Further,  if  the  ratings  called  for  are  for  trains  of  empties  or  light 
loads,  as  stated,  no  consideration  of  the  adjustment  due  to  length  ■  of 
train  has  been  taken  into  account.  Without  more  specific  data  with 
regard  to  the  assumed  weight  per  car,  this  point  cannot  be  checked,  but 
the  ratings  are  so  high  as  to  make  comparisons  unfair  to  both  proposi- 
tions. 

That  the  time  should  be  considered,  is  a  valuable  point.  Taken 
into  account  properly,  it  will  show  the  difference  in  cost  of  operation 
of  fast  freight,  slow  freight  and  passenger  work. 

The  writer  recently  had  occasion  to  make  a  report  on  a  proposition 
involving  these  points,  comparing  cost  of  operation   over  present   lines 
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and  proposed  improvements.  Although  the  proposed  line  showed  a  large 
annual  saving  in  the  slow  freight  movement,  the  saving  per  ton  mile  on 
fast  freight  work  was  considerably  less,  and  the  passenger  movement 
showed  no  saving  at  all. 

It  is  true  that  the  ordinary  train  mileage  method  leads  to  erroneous 
conclusions,  and  that  more  detail  is  necessary  in  considering  the  cost  of 
operation. 

Many  of  the  uncertainties  of  the  method  of  average  cost  per  train 
mile  may  be  eliminaied  by  actual  computation,  and  thus  make  the  esti- 
mate more  truly  comparative.  It  appears  as  if  the  knowledge  that  the 
results  obtained  are  only  approximate,  has  led  to  a  careless  consideration 
of  the  items  that  may  be  calculated  with  some  degree  of  exactness. 

A  profile  of  the  line  under  consideration  should  be  constructed 
showing  the  alinemcnt,  with  degree  and  central  angle  of  each  curve 
plainly  marked  on  the  paper.  Rates  of  grade  and  heights  of  rises  and 
falls   should   be  also   indicated. 

The  traffic  to  be  sent  over  the  line  should  then  be  divided  into  as 
many  classes  as  are  used,  such  as  slow  freight,  time  freight,  Q.  D. 
freight  and  passenger,  and  a  typical  train  made  up  of  each  kind,  paying 
attention  to  necessary  speeds  and  adjustments  for  loading  and  length  of 
train. 

The  train  should  then  be  rated  in  both  directions.  This  is  neces- 
sary, as  the  traffic  is  generally  unbalanced,  and  many  factors  enter 
into  the  computation  which  can  only  be  taken  into  account  when  both 
directions  are  considered.  For  instance,  it  is  of^en  found  that  the  busi- 
ness may  be  handled  in  one  direction  at  a  large  saving  by  way  of  a 
proposed  improvement,  but  at  a  much  smaller  saving  in  the  opposite 
direction,  or  even  at  a  loss.  This  latter  case  would  necessitate  using 
the  old  line  in  the  revei^se  movement  and  would  be  an  important  factor 
in  determining  whether  or  not  the  proposed  line  should  be  double  or 
single  track.  This  is  especially  true  when  the  proposed  improvement 
embraces  an  entire  operating  division. 

The  computation  of  the  cost  of  the  operation  is  a  matter  of  paying 
attention   to   the   details   of  the  profile. 

As  the  writer  has  in  preparation  a  paper  which  goes  into  the  details 
of  this  method,  it  is  not  the  intention  at  this  time  to  do  more  than 
call  attention  to  the  fact  that  accurate  results  may  be  attained  if  the 
trouble  is  taken  to  get  at  ihem.  It  seems  as  if  there  has  been  too  great 
a  tendency  to  reduce  this  class  of  work  to  general  formulas,  which  will 
give   results   that  are  not  justified. 

A  large  and  expensive  improvement  is  certainly  worth  the  time 
necessary  to  compute  its  value  as  accurately  as  possible,  and  this  cannot 
be  done  by  assuming  that  an  additional  train  costs  so  much,  a  foot  of 
rise  and  fall  so  much,  a  degree  of  curvature  so  much,  and  then  applying 
these  figures  indiscriminately  to  all  classes  of  traffic  and  alinement. 
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Approximations  do  very  well  to  justify  the  preliminary  surveys  and 
examinations,  or  to  compare  small  portions  of  alinement  on  the  same 
grade  scheme,  but  when  large  sums  of  money  are  to  be  put  up  for  con- 
struction, the  best  methods  are  inadequate  to  demonstrate  that  the 
expenditure  is  based  on  sound  judgment. 

REPLY    BY   MR.    A.   K.    SHURTLEFF. 

The  original  intention  in  writing  the  paper,  "Time  as  an  Element 
in  Considering  Grade  Reductions,"  was  to  emphasize  the  necessity  of 
considering  time  schedules  of  trains  in  estimating  the  economic  value  of 
grade  reduction. 

In  conducting  transportation  there  are  frequently  cases  where  "over- 
time" is  an  economy,  but  all  classes  of  traffic  must  be  considered.  In 
several  of  our  Western  States  legislation  has  placed  a  maximum  num- 
ber of  hours  for  continuous  service  of  trainmen.  In  some  cases  this 
legislation  affects  the  movement  of  slow  freight.  Competition  also  pre- 
vents the  lengthening  of  schedule  time  in  many  cases.  Certain  classes 
of  traffic,  such  as  the  movement  of  live  stock,  requires  the  maintenance 
of  a  certain  schedule.  Each  class  of  traffic  must  be  considered  to  prop- 
erly determine  the  value  of  reduction  in  grade.  Mr.  Begien's  discus- 
sion  of  the   paper    recognizes    this   point. 

Regarding  the  figures  used,  the  author  has  neither  the  time  nor 
the  inclination  to  enter  into  a  lengthy  defense  of  them,  nor  should  he 
apologize  for  them,  as  they  are  not  the  results  of  theory,  but  were  largely 
obtained  from  practice.  The  figures  were  merely  used  as  illustration 
of  a  method  of  calculation  of  running  time  with  engine  exerting  its 
maximum  power.  The  principle  would  remain  the  same  whatever  the 
train  resistance   formula  used. 

A  few  words  on  the  main  points  criticised  will  suffice.  The  draw- 
bar pulls  given  were  actual  drawbar  pulls.  The  same  locomotive  might 
have  delivered  a  much  higher  drawbar  pull  at  lo  miles  per  hour  and 
over  had  it  been  burning  the  high-grade  Eastern  fuels,  but  with  fuel 
averaging  only  about  10,000  B.  T.  U.  per  pound,  it  is  difficult  to  make 
steam  for  full  stroke  at  7  miles  per  hour,  and  on  the  Western  roads 
most  simple  engines  are  obliged  to  shorten  cutoff  at  7  miles  or  less 
per  hour.  This  point  of  cutofif  depending  on  the  quantity  and  quality 
of  fuel,  varies  widely  in  different  parts  of  the  United  States. 

Regarding  train  resistance,  "doctors  disagree,"  as  can  be  shown 
from  a  study  of  the  report  of  the  Economics  Committee  in  the  Annual 
Proceedings,  Vol.  8.  My  own  letter,  beginning  near  foot  of  page  235, 
gives  my  reasons  for  figures  used,  and  particularly  on  page  238,  under 
heading  "Resistance  of  Trains  in  Motion." 

The  following  data  cover  my  reason  for  stating  that  in  freight 
service  up  to  speeds  of  35  miles  per  hour  the  resistance  is  practically 
the   same.     On   one   engin?   district    with   long  and   very   flat   grades   the 
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conditions  were  very  favorable  for  making  the  tests  for  distances  of 
a  mile  or  more  on  maintained  speeds,  thus  eliminating  the  corrections 
necessary  where  speeds  were  constantly  varying.  The  locomotive  was 
a  ten-wheeler  of  following  dimensions : 

Cylinders,  19  by  24  in. 

Drivers,  69  in. 

Boiler  pressure,  180  lbs. 

Weight  on  drivers,   131,200  lbs. 

Weight,  engine  and  tender,  working  order,  238,400  lbs. 

Train  consisted  of  34  cars,  scale  weight  being  1,355  tons,  excluding 
engine  and  tender.  On  the  first  two  speeds  shown  below,  the  speed 
and  drawbar  pull  were  maintained  for  a  mile  or  more  on  level  grade. 
On  the  last  (35  m.  p.  h.)  the  grade  was  slightly  over  0.03  per  cent, 
descending,  and  the  drawbar  pull  shown  is  corrected  to  level  grade. 
The  speed  and  drawbar  pull  on  this  stretch  was  also  maintained  prac- 
tically constant  over  a  long  distance.  The  line  and  surface  of  track 
was    only    fair.     The    dynamometer    record    showed    as    follows : 

Drawbar  Pull  (Level  Grade). 
Velocity  M.  P.  H.                           Total.  Lbs.  per  Ton  Train. 

26.9  6,500  lbs.  4.80 

30.5  6,500  lbs.  4.80 

35.0  6,400  lbs.  4.72 

Under  the  Engineering  News  formula,  the  drawbar  pull  at  35  miles 
per  hour  for  this  1,355-ton  train  would  have  been  14,566  lbs.  It  would 
be  utterly  impossible  for  any  fireman  to  put  coal  enough  into  this  loco- 
motive to  deliver  this  drawbar  pull  of  14,500  lbs.  at  35  miles  per  hour. 
The  fact  remains  that  the  locomotive  did  handle  this  1,355-ton  train 
on  level  grade  at  35  miles  per  hour  and  that  the  resistance  was  only 
about  4.8  lbs.  per  ton.  This  was  not  an  isolated  case,  many  other  tests 
showing  that  after  journals  are  warmed,  the  train  resistance  was  for 
all  practical  purposes  the  same,  providing  conditions  as  to  rolling  stock, 
lading,   and   line   and   surface   were   the   same. 

Coming  back  to  the  question  of  "Time  as  an  Element,"  no  method 
e  f  calculating  running  time  is  correct  in  principle  unless  the  resistance 
of  acceleration  is  taken  into  consideration,  ?nd  the  method  of  consid- 
ering  this   in   the   original  paper   is   mathematically   correct. 

Mr.  Begien's  discussion  is  a  valuable  addition  to  the  paper,  as  it 
demonstrates  a  method  of  arriving  at  the  values  when  applied  to  slow 
freight  service,  where  conditions  are  such  that  schedule  time  can  be 
lengthened. 


DISCUSSION    OF   REPORT    0.F   COMMITTEE    OK    ECONOMICS 
OF  RAILWAY   LOCATION. 

By  F.  W.  Green,  General  Superintendent,  Louisiana  &  Arkansas  Railway. 

The  writer  has  carefully  read  the  admirable  report  of  the  Com- 
mittee on  Economics  of  Railway  Location,  published  in  Bulletin  84,  and 
believes  that  it  is  the  most  thorough  and  comprehensive  compilation  of 
data  upon  this  subjecl;  now  extant. 

The  matter  of  Train  Resistance  is  of  great  importance  and  well 
worthy  of  being  made  the  subject  of  thorough  and  exhaustive  research 
with  the  ultimate  purpose  of  determining  as  closely  as  possible  the 
fundamental  laws  by  which  it  is  governed.  There  are  so  many  variables, 
dependent  and  independent,  to  be  taken  into  account,  that  it  is  a  matter 
of  extreme  difficulty,  if  indeed  not  an  utter  impossibility,  to  develop  a 
simple  formula  universally  appHcable.  Without  going  into  the  matter 
at  length  it  might  be  said  in  passing  that  these  variables  may  be : 

(1)  Rolling  friction,  which  probably  varies  according  to  some  law, 
as  the  wheels  vary  from  perfect  roundness;  as  the  rail  maj  vary  from 
a  perfect  surface;  as  the  tread  of  the  wheel  may  vary  from  a  true  fit 
with  top  of  rail;  and  as  the  amount  of  foreign  matter,  such  as  sand, 
etc.,  between  the  wheel  and  rail. 

(2)  Sliding  friction,  which  probably  varies  according  to  some  law, 
as  the  density  of  the  lubricant;  the  temperature  of  the  lubricant  and 
the  surfaces ;  the  physical  qualities  of  the  surfaces,  smoothness,  hard- 
ness, etc. ;  and  the  unit  pressure  on  the  sliding  surfaces. 

(3)  Oscillating  friction,  or  the  friction  between  wheel  flanges  and 
rails,  which  probably  varies  according  to  some  law,  as  the  variations  in 
gage,  level,  line,  and  surface  of  the  track;  as  the  force  and  direction 
of  wind;  as  the  kind  of  car  and  nature  of  loading,  i.  e.,  location  of 
center  of  gravity  of  load  with  reference  to  center  of  track;  as  the 
flanges  themselves  vary  from  perfection;  and  as  the  trucks  themselves 
are   rigid,   or    free,    with    respect   to    lateral    m.otion. 

(4)  Atmospheric  resistances,  including  front,  rear,  side,  top,  and 
bottom  resistances.  These  probably  vary  according  to  some  law,  as 
the  velocity  of  train  (most  writers  use  the  square  of  the  velocity,  al- 
though Blood  found  it  necessary  to  use  the  1.8  power  of  the  velocity)  ; 
the  velocity  of  the  wind  itself,  and  the  angle  at  which  it  impinges 
upon  the  train;  also,  probably  according  to  the  relation  existing  between 
the  total  surface  exposed  to  atmospheric  resistance,  and  the  gross  ton- 
nage of  the  train. 
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The  accuracy  of  any  formula  developed  can  hardly  be  expected  to 
be  more  than  roughly  approximate,  and  its  degree  of  precision  depends 
upon  the  accuracy  of  the  data  from  which  it  is  developed.  Too  often 
is  it  the  case  that  observations  are  made  under  favorable  conditions — 
track,  equipment,  weather  and  power.  It  naturally  follows  ihat  a  for- 
mula, based  upon  such  observations,  will  yield  a  larger  tonnage  rating 
than  an  engine  can  haul  except  under  the  most  favorable  circumstances, 
whereas  the  fundamental  purpose  of  developing  any  formula  is  to  pro- 
vide a  means  of  calculating  a  fair  and  equitable  loading  for  locomotives 
under  average  conditions. 

The  writer  has  experimentally  loaded  locomotives  with  ratings  based 
upon  the  following  formulas :  Wellington,  Engineering  News,  Baldwin 
Locomotive  Works,  Henderson's  first  formula.  Blood,  and  Searles.  In 
the  majority  of  instances  the  results  were  unsatisfactory,  except  under 
very  favorable  conditions.  The  following  method  was  then  tried,  and 
the    results    obtained    were    much   better : 

No  dynamometer  car  being  available,  the  resistance  to  traction  on 
straight  and  level  track  was  obtained  by  taking  a  series  of  observation.<; 
— from  ten  to  twenty — at  critical  points,  i.  e.,  ruling  grades,  stations, 
sidings,  e;c.,  and  then  making  corrections  for  grade,  curvature  and 
acceleration  (or  momentum).  The  ratio  of  the  tractive  power  of  the 
engine  to  this  result  would  be  the  tonnage  rating  on  straight  and  level 
track.  The  operation  is  not  as  difficult  as^ might  seem  at  first  glance, 
as  the  following  example  will  show : 

An  engine  with  tractive  power  of  28,400  lbs.  starts  from  a  siding 
with  a  train  of  1,578  gross  tons  (including  weight  of  engine  tender 
and  caboose)  at  the  foot  of  a  grade  rising  45  ft.  in  12,600,  equals  .357 
of  I  per  cent.  The  grade  is  12,600  ft.  long  and  the  speed  of  train 
at  summit  is  ig  miles  per  hour.  There  is  a  curve  of  i  degree  30 
minutes  on  this  grade.  Find  the  equivalent  resistance  in  lbs.  per  ton 
on  straight   and  level  track. 

Let  F  equal  the  force  of  acceleration  per  100  ft.,  in  lbs.  per  ton. 
V  equal  velocity  in  miles  per  hour  at  summit. 
X  equal  number  of  hundred  ft.  stations  of  grade,  then 

.7OV' 

F== ■ 

X 
.70  (19)'        252.70 

Substituting,  we  have  F  = = =  2  lbs. 

126  126 

Resistance  due  to  grade  =  2  lbs.  per  .1   of  i  per  cent.,  or  2   X    .357  = 

7.14  lbs. 
Resistance  due  to  curvature  =  .56-lb.  per  degree,  or  for  i  degfte  and  30 

minutes  ^  1.5  X  .56  =  .84-lb. 
Total  resistance  of  train  equals  tractive  power  divided  by  tons  =  28,400 
-T-  1,578,  or  18  lbs. 
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Total  resistance  of  train,  in  lbs.  per  ton i8 

Resistance  due  to  acceleration,  in  lbs.  per  ton 2.00 

Resistance  due  to  curvature,  in  lbs.  per  ton 84 

Resistance  due  to  grade,  in  lbs.  per  ton 7.14 

Total   known   resistances 9.98 

Equated  resistance  on  straight  and  level  track 8.02 

say,  8  lbs.  per  ton. 

In  actual  practice  the  solution  is  at  times  not  as  simple  as  the  above, 
but  is  never  a  difficult  process  at  any  time,  and  anyone  with  a  little 
experience  and  practice  will  readily  grasp  fundamental  conceptions. 
The  writer  believes  this  method  has  some  advantage  over  the  usual 
isrmulas  used 


DISCUSSION. 

The  President : — The  next  report  is  that  of  the  Committee  on 
Economics  of  Railway  Location.  Mr.  McNab,  the  chairman,  will  please 
make  a  statement. 

Mr.  William  McNab  (Grand  Trunk)  : — At  the  present  time  this 
report  is  merely  intended  for  information,  or  simply  as  a  report  of 
progress.  We  have  a  considerable  amount  of  detail  in  our  possession, 
but  it  is  not  yet  digested  and  it  would  not  be  well  to  open  it  up  for 
discussion  at  this  session.  I  therefore  move  that  this  be  accepted  as 
a  report  of  progress  and  we  hope  at  the  next  convention  that  some- 
thing substantial  and  in  concrete  form  will  be  laid  before  the  members. 

(The  motion  was  seconded  and  carried.) 


COMPARATIVE  COST   OF  FAST   AND   SLOW   FREIGHT 
SERVICE. 

(Bulletin  56.) 

By  W.  B.  Poland,  Superintendent,  Baltimore  &  Ohio  Southwestern 

Railroad. 

For  many  years  the  rehitive  economy  of  running  slow  freight  trains 
with  engines  loaded  to  maximum  capacity,  compared  with  fast  frciglit 
trains  of  less  than  the  minimum  capacity  of  engines,  has  been  under 
discussion.  For  the  purpose  of  collecting  some  data  on  this  subject, 
records  were  kept  on  the  Indiana  Division  of  the  Baltimore  &  Ohio 
Southwestern  Railroad   for  the  months   of  January  and   Februar,-,    1904. 

First  :  For  Common  Freights  scheduled  to  make  about  nine  miles 
per  hour,  rating  being  assumed  as  full  capacity  of  engine  for  this  speed, 
as  follows : 

Second  :  For  Semi-Quick  Dispatch  Freights,  it  being  intended  that 
this  class  of  freight  should  make  an  average  schedule  speed  of  fifteen 
miles  per  hour,  rating  of  engines  being  assumed  at  72  per  cent,  of  rating 
for  Common  Freights. 

Third:  Quick  Dispatch  Freights,  it  being  intended  that  this  class 
oi  freights  should  make  an  average  schedule  speed  of  nineteen  miles 
per  hour,  rating  of  engine  being  assumed  at  60  per  cent,  of  rating  for 
Common  Freights. 

The  data  collected  for  each  of  these  clases  of  trains  for  separate 
trips  was  as  follows : 


(   I 

(  2 

(  3 

(4 

eluded. 

(  5 
(  6 
(  7 
(  8 
(  9 
(10 
(II 
(12 
(13 


Temperature. 

Number  of  engines. 

Number  of  cars. 

Number   of   1,000  ton-miles,   no   arbitrary   allowance  being  in- 


Running  time   between   terminals. 
Rate  per  hour. 

Total  time  between  terminals. 
Rate  per   hour. 
Cost  of  operation. 
Cost  of  fixed  charges. 
Total  cost. 

Cost  per  1,000  ton-miles. 

Per  cent,  hauled  of  the  maximum  rating  for  common   freight. 
The  "Cost  of   Operation"    for   each   trip   was   obtained   from   actual 
cost  of  wages,   overtime,  cost  of  helper   engine   and   fuel,   as    shown   by 
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records  of  tliat  Irip ;  the  number  of  engine  miles  per  trip  multiplied  by 
the  total  cost  per  mile,  as  shown  by  monthly  records  for  the  following 
items :  Running  repairs,  classified  repairs,  oil,  sand,  waste,  miscellaneous 
engine  supplies  and  roundhouse  attendants,  which  amounts  to  fourteen 
cents  per  miles  for  the  i,SOO  class  engines  and  eight  cents  per  mile  for 
the  loo  class  engines. 

The  writer  has  estimated  the  average  original  value  of  the  1,500 
class  freight  engines  at  $11,000  each  and  that  of  the  ico  class  engines 
at  $9,000  each.  An  annual  allowance  of  5  per  cent,  on  the  value  should 
be  made  for  interest  and  5  per  cent,  for  depreciation,  making  a  total  of 
10  per  cent,  per  annum.  In  order  that  the  use  of  an  engine  may  be 
justified,  it  must  earn  10  per  cent,  per  annum  of  the  capital  invested, 
and  must  for  each  hour  of  its  time  be  worth  a  proportionate  amount  to 
the  railroad  company.  For  the  1,500  class  engines  this  would  equal  about 
twelve  cents  per  hour  and  for  the  100  class  engines  ten  cents  an  hour. 
This  is  the  fixed  charge  made  against  each  train  for  each  engine  for 
each  hour  in  transit.  The  writer  has  assumed  the  average  value  of  a 
freight  car  to  be  $800,  and  on  the  same  basis  a  car,  in  order  that  its  use 
may  be  justified,  must  earn  10  per  cent,  of  its  value  per  annum,  which 
would  amount  to  $0.01  per  hour.  On  this  basis  the  fixed  charges  for 
the  train  equipment  for  any  trip  would  be  $0.01  multiplied  by  the  num- 
ber of  cars  in  the  train,  multiplied  by  the  number  of  hours  between 
terminals.;  plus  $0.12,  or  $0.10  muliplied  by  the  number  of  engines  mul- 
tiplied by  the  number  of  hours  between  terminals. 

The  per  cent,  of  rating  handled  by  each  train  was  obtained  from  a 
tonnage  statement  (Form  713  N),  by  dividing  the  actual  ton  mileage 
made  by  the  ton  mileage  which  would  have  been  made  had  maximum 
common  freight  rating,  corrected  for  temperature,  been  used. 

The  "Total  Cost"  used  does  not  represent  the  actual  cost  of  handling 
the  •  train  between  terminals,  but  includes  only  those  principal  items 
which  vary  with,  or  are  dependent  upon,  each  trip.  The  cost  obtained 
by  dividing  the  total  cost  by  the  number  of  1,000  ton  miles  is  therefore 
correct  for  comparative  purposes  only. 

The  above  data  have  been  shown  graphically  on  the  diagram,  as 
follows : 

First:  A  chart  has  been  made  by  platting  the  actual  running  time 
in  miles  per  hour  on  the  horizontal  ordinate  and  the  cost  per  1,000  ton 
miles  on  the  vertical  ordinate.  The  curve  of  average  results  indicates 
the  cost  per  1,000  ton  miles  corresponding  to  given  speeds  in  actual  run- 
ning  time. 

Second:  A  chart  has  been  made  by  platting  the  actual  running  time 
in  miles  per  hour  on  the  horizontal  ordinate  and  the  percentage  of  the 
maximum  rating  for  common  freight  on  the  vertical  ordinate.  The 
curve  of  average  results  indicates  the  percentage  of  maximum  rating 
which  must  be  given  trains  in  order  that  their  average  speed  may  be  a 
certain  running  time  in  miles  per  hour. 
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Third:  A  chart  has  been  made  by  platting  the  actual  unning  time 
in  miles  per  hour  on  the  horizontal  ordinate  and  the  time  between 
terminals  in  miles  per  hour  on  the  vertical  ordinate.  The  curve  of 
average  results  indicates  the  relation  between  the  actual  running  time 
and  the  schedule  speed  in  miles  per  hour  between  terminals. 

From  these  charts  we  may  see  graphically  the  comparative  cost  of 
fast  and  slow  freight  service  and  to  a  certain  extent  the  relative  economy 
of  heavy  and  light  motive  power.  When  it  is  desired  to  move  freight 
between  given  points  on  this  division  in  a  fixed  time,  it  will  be  possible 
from  these  diagrams  to  determine  the  rating  which  must  be  given  engines 
in  order  that  they  may  make  the  wished-for  schedule. 

For  1,500  class  compound  freight  engines  the  minimum  cost  is  found 
at  a  speed  of  thirteen  miles  per  hour,  which  requires  a  rating  of  88  per 
cent,  of  the  maximum;  but  a  speed  of  twelve  and  one-half  miles  per  hour 
does  not  increase  the  cost  of  handling  appreciably,  and  will  allow  91 
per  cent,  of  maximum  rating  to  be  hauled.  By  referring  to  third  chart 
it  appears  that  an  actual  running  time  of  twelve  and  one-half  miles  per 
hour  corresponds  with  a  schedule  speed  of  eight  and  one-quarter  miles 
per  hour  between  terminals. 

For  100  class  engines  the  minimum  cost  is  shown  at  a  speed  of 
fifteen  miles  per  hour,  which  requires  a  rating  of  94  per  cent,  of  the 
maximum ;  but  a  speed  of  fourteen  miles  per  hour  does  not  increase  the 
cost  of  handling  appreciably  and  will  allow  97  per  cent,  of  the  maximum 
rating  to  be  hauled.  It  also  appears  that  running  time  of  fourteen  miles 
per  hour  corresponds  to  schedule  speed  of  eight  and  three-quarters  miles 
per  hour. 

From  the  conditions  existing  when  these  records  were  taken,  wc 
should  conclude  that  for  the  1,500  class  engines  the  most  economical 
operation  will  be  attained  by  trains  scheduled  at  eight  and  one-quarter 
miles  per  hour,  running  twelve  and  one-half  miles  per  hour  and  hauling 
91  per  cent,  of  maximum  common  rating.  For  100  class  engines  the 
greatest  economy  of  operation  will  be  attained  by  trains  scheduled  at 
eight  and  three-quarters  miles  per  hour,  running  fourteen  miles  per  hour 
and  hauling  97  per  cent,  of  maximum  common  rating. 

The  records  of  about  five  hundred  trains  given  above  were  taken 
during  a  period  of  exceptionally  heavy  traffic  and  also  during  unusually 
severe  weather,  with  the  temperature  in  the  neighborhood  of  zero  for 
weeks  at  a  time.  It  is  probable  that  results  in  warm  weather  would  be 
different.  It  would,  therefore,  be  desirable  to  make  the  same  determina- 
tions under  summer  conditions,  and  this,  it  is  hoped,  we  will  be  able  to 
do  later.  It  is  to  be  observed  that  the  determinations  of  the  most  eco- 
nomical tonnage  rating  by  this  method  is  independent  of  the  rating 
originally  assumed. 
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CONSTITUTION. 

REVISED    AT    THE    FIFTH    AND    EIGHTH    ANNUAL    CONVENTIONS. 

ARTICLE  I. 

Section  i.  Name :  The  name  of  this  Association  shall  be  "The 
American  Railway  Engineering  and  Maintenance  of  Way  Associa- 

^ON." 

Section  2.  Location :  The  offices  of  the  Association  shall  be 
located   in   Chicago,   111. 

Section  3.  Object:  The  object  of  this  Association  shall  be  the 
advancement  of  knowledge  pertaining  to  the  scientific  and  economical 
location,   construction,   operation   and    maintenance   of   railroads. 

Section  4.  Means :  The  means  to  be  employed  for  this  purpose 
shall  be  as   follows : 

(a)  Meetings  for  the  reading  and  discussion  of  papers  and  for 
social  intercourse. 

(b)  The  investigation  of  matters  pertaining  to  the  objects  of  this 
Association    through    Standing    and    Special    Committees. 

(c)  The  publication  of  papers,   reports  and   discussions. 

(d)  The  maintenance  of  a  library. 

ARTICLE   II. 

membership. 

Section  i.  The  membership  of  this  Association  shall  be  divided 
into  three  classes,  viz. :  Active  Members,  Honorary  Members  and 
Associates.  All  persons  who  are  members  of  this  Association  at  the 
time  of  the  adoption  of  this  Section  shall  retain  their  membership  as 
Active  Members. 

Section  2.  An  Active  Member  shall  be  a  Civil  Engineer,  Mechanical 
Engineer,  Electrical  Engineer  or  Architect,  who  has  had  not  less  than 
five  (s)  years'  actual  experience  in  the  location,  construction  or  main- 
tenance of  railroads,  and  who  at  the  time  of  application  for  membership 
is  actively  engaged  in  railroad  service,  in  a  responsible  position,  in  charge 
of  work  connected  with  Construction  or  Maintenance  of  Way  and  Struc- 
tures ;  or  a  Professor  of  Engineering  in  a  College  of  recognized  stand- 
ing; or  any  Railroad  Official  who  is  responsible  for  or  has  supervision 
of   Railroad    Construction   or   Maintenance    of    Way   and    Structures. 

Section  3.  An  Honorary  Member  shall  be  a  person  of  acknowl- 
edged eminence  in  railway  engineering  or  management.  The  number 
of  Honorary  Members  shall  be  limited  to  ten.  Honorary  Members  shall 
have  all  the  rights  of  Active  Members,  except  those  of  voting  in  con- 
vention and  holding  office. 

Section  4.  An  Associate  shall  be  one  who  is  not  in  the  actual 
service   of   a    Railroad    Company,  but   whose   pursuits,   .scictnific    acquire- 
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merits  or  practical  experience  qualify  him  to  co-operate  with  railroad 
engineers  in  the  advancement  of  professional  knowledge.  Associates 
shall  have  all  the  rights  of  Active  Members,  except  those  of  voting  in 
convention  and   holding  ofifice. 

Section  5.  Any  Active  Member  who  shall  leave  the  railroad  service 
shall  retain  his  membership  in  the  Association  as  an  Associate  with  all 
the  privileges  for  Associates,  specified  in  Section  4,  Article  II,  subject 
to  the  provisions  of  Section  6,   Article  II. 

Section  6.  Persons  who  are  exclusively  engaged  in  the  sale  or 
promotion  of  railroad  patents,  appliances  or  supplies  shall  not  be  eligible 
for  nor  retain  membership  in  any  grade  in  this  Association. 

Section  7.  An  applicant  to  be  eligible  for  membership  in  any  grade 
shall  not  be  less  than  twenty-five   (25)   years  of  age. 

Section  8.  The  Board  of  Direction  shall  have  authority  at  any  time, 
as  the  conditions,  in  its  judgment,  may  warrant,  to  transfer  members 
from  one  grade  to  another,  or  to  drop  a  member  from  the  membership 
list,  under  the  provisions  of  Section  6,  Article  II. 

ARTICLE   III. 

admissions   and   expulsions. 

Section  i.  The  Charter  membership  shall  consist  of  all  persons 
who  are  eligible  for  membership  under  the  provisions  of  Article  II,  and 
who  may  make  application  to  the  Secretary  of  the  Preliminary  Or- 
ganization and  receive  a  majority  of  the  votes  of  the  Organization 
Committee  (composed  of  the  Chairman  and  Secretary  of  the  Preliminary 
Organization  and  the  five  persons  constituting  the  Committee  to  pre- 
pare a  Constitution  and  By-laws),  and  pay  the  entrance  fee,  herein- 
after provided  for,  within  thirty  days  from  the  date  of  the  adpption  of 
this   Constitution. 

Section  2.  After  the  expiration  of  said  thirty  days  any  person 
desirous  of  becoming  a  member  shall  make  application  upon  the  form 
prescribed  by  the  Board  of  Direction,  setting  forth  in  a  concise  state- 
ment the  candidate's  name,  age,  residence  and  technical  and  practical 
experience.  He  shall  refer  to  at  least  three  members  to  whom  he  is 
personally  known,  each  of  whom  shall  be  requested  by  the  Secretary 
to  certify  to  a  personal  knowledge  of  the  candidate  and  his  fitness  for 
membership  in  the  Association.  An  application  shall  not  be  considered 
by  the  Board  which  has  not  been  formally  endorsed  by  three  members 
of  the  Association. 

Upon  receipt  of  an  application,  properly  endorsed,  the  Board  of 
Direction,  through  its  Secretary,  or  a  Committee  on  Applications  to  be 
appointed  by  the  Board  of  Direction  from  among  its  own  members, 
shall  make  such  investigation  of  the  candidate's  fitness  as  may  be 
deemed  necessary.  The  Secretary  of  the  Association  will  furnish  copies 
of  the  information  obtained,  together  with  a  copy  of  the  application,  to 
each  member  of  the  Board  of  Direction.  At  any  time,  not  less  than 
thirty  days  after  the  filing  of  the  application,  the  admission  of  the  ap- 
plicant shall  be  voted  on  by  letter-ballot  by  each  member  of  the  Board 


CONSTITUTION.  807 

of  Direction.  Affirmative  votes  by  two-thirds  of  the  Board  of  Direc- 
tion shall  elect  the  candidate;  provided,  however,  that  should  an  appli- 
cant for  membership  be  personally  unknown  to  three  members  of  the 
Association,  due  to  residence  in  a  foreign  country,  or  in  such  a  portion 
of  the  territory  of  the .  United  States  as  precludes  him  from  a  suffi- 
cient acquaintance  with  members  of  the  Association,  he  may  refer  to 
well-known  men  engaged  in  railroad  or  allied  professional  work,  upon 
the  form  above  described,  and  such  application  shall  be  considered  by 
the  Board  of  Direction  in  the  manner  above  set  forth,  and  the  applicant 
may  be  elected  to  membership  by  a  unanimous  vote  of  the  Board  of 
Direction. 

Section  3.  All  candidates,  after  due  notice  from  the  Secretary  of 
their  election,  shall  subscribe  to  the  Constitution  and  By-laws  on  forms 
prescribed  by  the  Board  of  Direction.  If  this  provision  be  not  complied 
with  within  six  months  of  said  notice,  the  election  shall  be  considered 
null  and  void. 

Section  4.  Any  person,  having  once  been  a  member  of  the  Associa- 
tion, and  having,  while  in  good  standing,  resigned  from  such  membership, 
may,  at  a  subsequent  date,  be  restored  to  membership,  without  the 
payment  of  a  second  entrance  fee ;  provided  his  application  for  rein- 
statement is  signed  by  five  members,  certifying  to  his  fitness  for  re- 
election, and  such  application  is  favorably  passed  upon  by  the  Board  of 
Direction  by  a  two-thirds  majority  vote  of  the  entire  Board. 

Section  5.  Honorary  members  shall  be  proposed  by  at  least  ten 
Active  members  to  the  Secretary.  Each  member  of  the  Board  of 
Direction  shall  be  furnished  with  a  copy  of  the  proposal,  and  after  thirty 
days  votes  by  ballot  shall  be  taken  by  the  Board  of  Direction  thereon. 
If  a  candidate  shall  receive  the  unanimous  vote  of  said  Board,  he  shall 
be  declared   an  Honorary  member. 

Section  6.  Expulsions :  On  written  charges  preferred  by  ten  or 
more  members,  addressed  to  the  Secretary  of  the  Association,  the  mem- 
ber complained  of  shall  be  served  with  a  copy  of  said  charges,  and 
shall  be  called  upon  to  show  cause  to  the  Board  of  Direction  why  he 
should  not  be  expelled  from  the  Association.  Thirty  days  after  said 
member  has  been  properly  notified  of  the  charge  preferred  against  him, 
a  vote  shall  be  taken  on  his  expulsion,  and  he  may  be  expelled  upon 
a  two-thirds   vote   of  the   Board   of   Direction. 

Section  7.  Resignations :  It  shall  be  the  duty  of  the  Board  of 
Direction  to  accept  the  resignation,  tendered  in  writing,  of  any  member 
whose  dues  are  fully  paid  up. 

ARTICLE   IV. 

DUES. 

Section  i.  An  initiation  fee  of  $10.00  shall  be  payable  to  the  Sec- 
retary with  each  application  for  membership;  this  sum  is  to  be  re- 
turned to  the  applicant,  however,  who   is  not  elected. 

Section  2.  The  annual  dues  of  this  Association  shall  be  $10.00, 
payable  annually,  during  the  first  three  months  of  each  calendar  year 
for  the  current  year. 
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Section  3.  Any  person  whose  dues  remain  three  months  in  arrears 
shall  be  notified  of  same  by  the  Secretary.  Should  the  dues  in  arrears 
not  be  paid  prior  to  July  ist  of  each  year,  the  delinquent  member  shall 
lose  his  right  to  vote,  but  shall  continue  to  receive  the  publications  of 
the  Association.  Should  his  dues  become  nine  months  in  arrears  he 
shall  be  notified  on  the  form  prescribed  by  the  Board  of  Direction,  and 
he  shall  no  longer  receive  the  publications  of  the  Association.  If  the 
delinquent  dues  are  not  paid  by  the  first  of  the  following  year,  he  shall 
forfeit  his  membership  with  the  Association  without  further  action  or 
notice. 

Section  4.  The  Board  of  Direction  may,  however,  extend  the  time 
of  payment  of  dues  and  for  the  application  of  these  penalties.  The 
Board  of  Direction  may  also,  for  sufficient  cause,  excuse  from  payment 
the  annual  dues  of  any  member  who,  from  ill-health,  advanced  age  or 
other  good   reason,   is   unable  to   pay  his   dues. 

ARTICLE   V. 

OFFICERS. 

Section  i.  The  officers  of  this  Association  shall  consist  of  a  Presi- 
dent, a  First  Vice-President,  a  Second  Vice-President,  six  Directors,  a 
Secretary  and  a  Treasurer,  who,  together  with  the  four  latest  living 
Past-Presidents,  who  are  Active  Members,  shall  constitute  the  Board  of 
Direction  in  which  the  government  of  the  Association  shall  be  vested, 
and  who  shall  act  as  Trustees  and  have  the  custody  of  all  property 
belonging  to  the  Association.  The  offices  of  First  and  Second  Vice- 
Presidents  shall  be  determined  by  the  priority  of  the  respective  dates 
of  election  of  the  two  Vice-Presidents. 

Section  2.  The  term  of  office  of  the  President  shall  be  one  year ; 
that  of  the  Vice-Presidents  two  years ;  that  of  the  Directors  three 
years,  and  of  the  Secretary  and  Treasurer  one  year,  with  the  exception, 
however,  that  at  the  first  election  of  officers  after  the  adoption  of 
this  Constitution  one  Vice-President  and  two  Directors  shall  ^be  elected 
to  serve  one  year ;  one  Vice-President  and  two  Directors  for  two  years ; 
and  two  Directors  for  three  years ;  provided, '  also,  that  after  the  first 
annual  election,  one  Vice-President  and  two  Directors  shall  be  elected 
each  year  in   addition  to  the   President,   Secretary  and   Treasurer. 

Section  3.  The  President  shall  not  be  eligible  for  re-election  to 
that  office  until  the  period  of  eight  years  shall  have  elapsed  after  the 
expiration  of  his  previous  term  of  office.  The  Vice-Presidents  and  Di- 
rectors shall  not  be  eligible  for  re-election  to  the  same  office  until  at 
least  one  full  term  shall  have  elapsed  after  the  expiration  of  their  pre- 
vious term  of  office. 

Section  4.  The  first  election  of  officers  under  this  Constitution  shall 
be  held  by  the  Preliminary  Organization  of  Charter  members  immedi- 
ately after  the  adoption  of  this  Constitution,  and  the  officers  so  elected 
shall  at  once  assume  office.    The  term  of  each  officer  shall  begin  at  the 
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close  of  each  election  and  shall  continue  until  his  successor  shall  be 
elected. 

Section  5.  Any  vacancy  in  the  office  of  President  shall  be  filled 
by  the  First  Vice-President.  A  vacancy  in  the  office  of  either  of  the 
Vice-Presidents  shall  be  filled  by  election  from  among  the  Directors. 
In  case  of  the  disability  or  neglect  in  the  performance  of  his  duty  of 
any  officer  of  this  Association,  the  Board  of  Direction,  by  a  two-thirds 
majority  of  the  entire  Board,  shall  have  power  to  declare  the  office 
vacant.  Vacancies  in  any  office  for  the  unexpired  term  shall  be  filled 
by  the  Board  of  Direction,  except  vacancy  in  the  office  of  President, 
as   provided   above. 

Section  6.  At  least  thirty  days  before  each  annual  meeting,  the 
Board  of  Direction,  who  shall  act  as  a  Nominating  Committee,  shall 
nominate  to  the  Association  a  list  of  officers  for  the  next  ensuing  year. 
At  any  time  prior  to  the  thirty  days  before  the  annual  meeting  any  ten 
members  of  the  Association  shall  have  the  right  to  nominate  officers  for 
the  ensuing  year.  Thirty  days  prior  to  each  annual  meeting  the  Sec- 
retary shall  issue  ballots  to  each  active  member  of  record  in  good 
standing,  with  a  list  of  the  several  candidates  to  be  voted  upon,  whose 
names  shall  be  placed  in  alphabetical  order  if  more  than  one  person 
is  nominated  for  any  position.  Ballots  shall  be  placed  in  a  sealed 
envelope,  with  the  name  of  the  member  voting  endorsed  thereon,  and 
deposited  with  the  Secretary  at  any  time  previous  to  the  annual  meeting. 
At  the  annual  meeting  three  tellers  shall  be  appointed,  who  shall  open 
and  count  the  ballots  and  report  the  result  thereof.  The  majority  of 
votes   cast    for   any   nominee    shall    determine    his    election. 

ARTICLE   VI. 

COMMITTEES. 

Section  i.  The  Board  of  Direction  shall  meet  within  thirty  days 
after  each  annual  meeting,  and  shall  appoint  from  among  its  members 
a  Finance  Committee  of  three,  a  Library  Committee  of  three,  and  a 
Committee  on  Publications  of  three.  These  Committees  shall  report  to 
the  Board  of  Direction  and   perform   their  duties  under  its  supervision. 

Section  2.  The  Finance  Committee  shall  have  immediate  supervi- 
sion of  the  accounts  and  financial  affairs  of  the  Association ;  shall  approve 
all  bills  before  payment,  and  shall  make  recommendations  to  the  Board 
of  Direction  as  to  the  investment  of  moneys  and  as  to  other  financial 
matters.  The  Finance  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the 
payment  of  money  other  than  the  amounts  necessary  to  meet  ordinary 
current  expenses  of  the  Association,  except  by  previous  action  and 
authority  of  the  Board  of  Direction. 

Section  3.  The  Library  Committee  shall  have  general  supervision 
of  the   library   of  the   Association    and   property   therein. 

Section  4.  The  Committee  on  Publications  shall  have  general  su- 
pervision  of  the  publications  of  the  Association. 
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Section  5.  The  Board  of  Direction  may  appoint  such  Standing 
Committees  as  it  may  deem  best,  to  investigate,  consider  and  report 
upon  methods  or  appliances  pertaining  to  the  general  question  of  rail- 
road  location,   construction   or  maintenance. 

It  shall  be  within  the  province  of  the  Board  of  Direction  to  invite 
discussions  of  reports  from  sources  outside  of  the  Association  from 
those  who  are  especially  qualified  by  their  learning  and  experience  to 
add  to  the  value  of  the  report  under  consideration;  and  such  discussions 
may  be  printed  in  the  Bulletins  prior  to  the  regular  annual  meeting,  and, 
if  approved  by  the  vote  of  the  Association,  shall  be  included  in  the  pub- 
lished Proceedings  of  the  Association. 

Section  6.  Special  Committees  to  examine  into  and  report  upon 
any  subject  connected  with  the  purposes  of  this  Association  may  be 
appointed  in  the  following  manner : 

A  resolution  to  appoint  such  Committee,  setting  forth  its  objects  and 
the  number  of  its  members,  may  be  presented  by  letter  at  any  time  to 
the  Secretary  of  the  Association,  if  signed  by  ten  Active  members,  and 
shall  be  referred  by  him  to  the  Board  of  Direction,  which,  if  it  sees  fit, 
may  appoint  such  Committee.  If  the  Board  of  Direction  should  not 
deem  it  expedient  to  appoint  such  a  Committee,  the  members  requesting 
the  appointment  of  such  Committee  shall  be  notified,  and  the  matter  will 
then  be  referred  to  the  Association  at  its  next  annual  meeting  and  de- 
cided upon  by  ballot.  If  two-thirds  of  the  members  present  vote  in 
favor  of  such  Committee,  it  shall  be  appointed  by  the  President 

ARTICLE   VII. 

MANAGEMENT. 

Section  i.  The  President  shall  have  a  general  supervision  of  the 
affairs  of  the  Association.  He  shall  preside  at  all  meetings  of  the 
Association  and  at  all  meetings  of  the  Board  of  Direction,  and  shall  be 
ex-officio  member  of  all  Committees. 

The  Vice-Presidents  in  order  of  seniority  shall  preside  at  meetings 
in  the  absence  of  the  President,  and  discharge  his  duties  in  case  of  a 
vacancy    in    his    office. 

Section  2.  The  Board  of  Direction  shall  manage  the  affairs  of  the 
Association  and  shall  have  full  power  to  control  and  regulate  all  mat- 
ters   not    otherwise   provided    for    in    the    Constitution. 

Section  3.  'The  Treasurer  shall  receive  all  moneys  and  deposit  same 
in  the  name  of  the  Association,  and  shall  receipt  to  the  Secretary  there- 
for. He  shall  invest  all  funds  not  needed  for  current  disbursements  as 
shall  be  ordered  by  the  Board  of  Direction.  He  shall  pay  all  bills,  when 
properly  certified  and  audited  by  the  Finance  Committee,  and  make  such 
reports   as  may  be  called   for  by  the  Board  of   Direction. 

Section  4.  The  Secretary  shall  be,  under  the  direction  of  the  Presi- 
dent and  Board  of  Direction,  the  Executive  officer  of  the  Association. 
He  shall  attend  all  meetings  of  the  Association  and  of  the  Board 
of   Direction,   prepare   the  business   therefor,    and   duly   record    the    pro- 
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ceedings  thereof.  He  shall  see  that  all  moneys  due  the  Association 
are  carefully  collected  and  without  loss  transferred  to  the  custody  of 
the  Treasurer.  He  shall  personally  certify  to  the  accuracy  of  all 
bills  or  vouchers  on  which  money  is  to  be  paid.  He  is  to  conduct 
the  correspondence  of  the  Association  and  keep  proper  record  thereof, 
and  perform  such  other  duties  as  may  be  assigned  to  him  from  time  to 
time  by  the   Board   of   Direction. 

ARTICLE  VIII. 

MEETINGS. 

Section  i.  The  regular  annual  meeting  of  the  Association  shall  be 
held  in  the  City  of  Chicago,  commencing  upon  the  third  Tuesday  in 
March  of  each  year,  and  at  such  place  in  said  city  as  may  be  selected  by 
the  Board  of  Direction.  Twenty-five  Active  members  shall  constitute 
a  quorum.  Other  meetings  of  the  Association  may  be  held  at  such 
times  and  such  places,  either  within  or  without  the  City  of  Chicago, 
as  the  Board  of  Direction  may  select.  The  Secretary  shall  notify  all 
members  of  the  time  and  place  of  all  meetings  of  the  Association  at  least 
thirty  days  in  advance  thereof. 

Section  2.  The  Board  of  Direction  shall  meet  at  such  times  and  at 
such  places  as  the  President  may  direct.  Five  members  of  the  Board 
of  Direction  shall  constitute  a  quorum. 

Section  3.  The  order  of  business  at  meetings  of  the  Association 
shall  be  as  follows: 

1.  Reading   of    Minutes    of    last    meeting. 

2.  Address  of  the  President. 
Reports   of   the    Secretary    and   Treasurer. 
Reports   of    Standing    Committees. 

5.  Reports  of  Special  Committees. 

6.  Unfinished   business. 
New  business. 
Election  of  officers. 
Adjournment. 

This  order  of  business,  however,  may  be  varied  from  on  a  majority 
vote  of  members  present  at  any  meeting. 

Section  4.  Discussion  shall  be  limited  to  members  and  to  those  in- 
vited to  speak  by  the  Presiding  Officer. 

ARTICLE   IX. 

AMENDMENTS. 

Section  i.  Proposed  amendments  to  this  Constitution  must  be 
made  in  writing  and  signed  by  not  less  than  ten  Active  members,  and 
shall  be  acted   upon   in   the   following   manner : 

The  amendments  shall  be  presented  to  the  Secretary,  who  shall  send 
a  copy  of  same  to  each  member  of  the  Board  of  Direction  as  soon  as 
received.     If  at  the  next  meeting  of  the  Board  of  Direction  a  majority 
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of  the  Board  are  in  favor  of  considering  the  proposed  amendments, 
the  matter  shall  then  be  submitted  by  letter  to  each  Active  member 
of  the  Association  for  voting  by  ballot,  and  the  result  announced  by 
the  Secretary  at  the  next  annual  meeting  of  the  Association.  In  case 
two-thirds  of  the  votes  received  are  affirmative,  the  amendments  shall 
be  declared  adopted.  Amendments  so  adopted  shall  take  effect  thirty 
days   thereafter. 


INSTRUCTIONS  TO  COMMITTEES. 


OUTLINE  FOR   1908-1909. 


INTROUUCTORY. 

In  the  following  instructions  the  Board  of  Direction  has  outlined 
the  important  questions  which,  in  its  judgment,  each  Committee  should 
preferably  consider  during  the  current  year,  so  far  as  it  may  be  able 
to  do  so ;  but  the  Board  does  not  desire  to  prevent  any  Committee  from 
presenting  the  results  of  any  special  study  or  investigation  it  may  be 
now  engaged  upon  or  that  it  may  consider  important  enough  to  take 
up  at  the  next  convention. 

The  following  outline  of  subjects  for  consideration  of  the  Com- 
mittees has  been  prepared  with  a  view  to  perfecting  the  work  heretofore 
done  by  each  Committee  and  extending  it  so  as  to  cover  important  and 
live  questions  requiring  attention. 

The  Committees  are  Standing  Committees,  continuing  from  year  to 
year,  and  the  work  of  the  previous  Committees  should  be  as  carefully 
guarded,  continued  and  perfected  as  the  new  work  assigned  for  the 
current  year. 

It  is  suggested  that  Committees  should  aim  to  report  finally  only 
on  such  subjects  which  they  have  been  able  to  handle  in  a  thorough 
and  systematic  m.anner  to  a  point  where  final  action  on  the  part  of  the 
Association  is  necessary  to  give  authoritative  value  to  the  work  of  the 
Committees. 

Subjects  only  partially  considered  should  be  presented  as  a  progress 
report,  briefly  discussed,  and  such  data  as  collected  presented  as  infor- 
mation, as  far  as  thought  desirable,  without  unduly  overburdening  the 
Association's   Proceedings  or  duplication  of   publication. 

It  is  particularly  desirable  that  the  Committee  should  always  have 
prominently  in  mind  the  probable  time  available  at  the  convention  for 
the  consideration  of  its  report,  and  should  map  out  its  work  accordingly. 
The  Chairman  of  each  Committee  should  have  a  clear  understanding 
with  the  members  of  his  Committee  as  to  the  program  to  be  followed 
when  the  Committee  is  called  at  the  convention,  and   they   should   take 
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part  in  the  discussions  and  give  their  active  aid  in  support  of  any 
recommendations  that  they  had  previously  endorsed  at  Committee  meet- 
ings. 

Committee  reports  when  sent  to  the  Secretary  should  be  preferably 
signed  by  each  member  of  the  Committee ;  but  where  this  might  cause 
delay,  the  Chairman  may  sign  for  the  members,  advising  the  Secretary 
that  he  had  been  authorized  to  sign  such  names  to  the  final  draft  of 
the  report.  The  report  when  published  will  contain  only  the  names  of 
such    of   the    Committee   complying   with    the    above    rule. 

WALTER  G.   BERG,    President. 

GENERAL    INSTRUCTIONS    FOR    ALL    COMMITTEES. 

The  attention  of  the  Committees  is  called  to  the  "General  Rules 
for  Consideration  and  Publication  of  Committee  Reports,"  and  that  the 
Board  of  Direction  has  established  November  20th  as  the  limiting  date 
for  receipt  of  Committee  reports  by  the  Secretary  and  that  reports  re- 
ceived subsequent  to  November  30th  will  7iot  be  presented  at  the  follow- 
ing Annual   Convention   for  iinal  action. 

Committees  are  privileged  to  obtain  any  data  or  information  they 
may  require  in  any  proper  way  that  may  seem  to  them  best.  If  de- 
sired by  Committees,  the  Secretary  will  send  out  circulars  of  inquiry. 
The  Committees,  in  preparing  such  circulars,  should  specify  to  whom 
answers  should  be  sent.  It  is  further  suggested  that  circulars  should 
be  brief  and  concise  and  that  the  questions  asked  should  be  specific  and 
pertinent  to  the  main  question  at  issue  and  not  of  such  a  general  or 
involved  character  as  practically  to  exclude  the  possibility  of  obtain- 
ing satisfactory  and  prompt  responses.  Circulars  issued  should  be  in 
such  form  that  copies  can  be  retained  by  parties  answering,  either  by 
typewriter   or   blue-print. 

Review,  revise  and  supplement,  if  thought  desirable,  all  matter  pub- 
lished in  the  Manual  of  Recommended  Practice,  and  give  the  necessary 
notice  of  any  recommended  changes  in  accordance  with  clause  (a), 
article  4,  of  the  General  Rules  for  the  Publication  of  the  Manual  of 
Recommended  Practice.  If  no  changes  are  recommended, .  make  state- 
ment   accordingly. 

In  presenting  new  matter  for  consideration  of  the  Association,  with 
a  view  of  having  same  subsequently  appear  in  the  Manual,  aim  to  have 
all  conclusions,  recommendations,  specifications,  standards,  etc.,  concise 
and  uniform,  in  logical  sequence  and  proper  final  shape,  suitable  for 
publication  in   the  Manual. 
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Descriptive,  explanatory  and  argumentative  matter  will  not  be  pub- 
lished in  the  Manual  unless  brief  and  absolutely  essential  to  a  proper 
understanding  of  the  context  or  plans. 

Resubmit  any  matter  presented  in  previous  reports  on  which  the 
Association  has  not  acted,  and  which  the  Committee  desires  to  have 
considered,  and  state  concisely  what  sections  are  to  be  considered  and 
what  action  the  Committee  desires.  It  will  not  be  necessary  to  in- 
clude such  matters  in  the  Committee  report,  but  refer  to  the  previous 
publication  of  same  in  the  Proceedings,  unless  the  changes  in  the 
previously  published  version  are  extensive.  Minor  changes  can  be  ex- 
plained in  the  text  of  the  Committee  report. 

At  the  end  of  the  Committee  report  state  concisely  what  action 
the  Committee  desires  to  have  taken  on  the  various  parts  of  the  re- 
port, and  especially  the  sections  recommended  for  publication  in  the 
Manual,  defining  such  sections  accurately  and  whether  accompanying 
matter,  such  as  diagrams,  forms,  tables  or  formulas,  are  included  in 
the    recommendation   for   publication    in   the   Manual. 

Committee  reports  should  be  prepared,  as  far  as  practicable,  to 
conform   to   the   following  general  plan : 

Preface  the  report  by  a  condensed  statement  of  meetings  held  and 
names  of  members  in  attendance ;  also,  personnel  of  sub-committees 
appointed  for  special  subjects. 

Brief  review  of  previous  report,  describing  action  taken  thereon, 
enumerating  briefly  in  order  all  conclusions,  specifications  or  standards 
adopted,  referring  to  volume  and  page  of  Proceedings  or  Manual;  if 
deemed  advisable,  submit  recommendations  for  changes  in  former  reports. 

Submit  definitions  of  technical  terms  used  in  the  report,  the  mean- 
ing of  which  is  not  clearly  established,  defining  them  only  from  a 
professional  standpoint.  Group  or  tabulate  definitions  according  to  their 
analytical  sequence  or  for  convenience  of  discussion  and  reference. 

A  brief  history  of  the  subject-matter  under  discussion,  giving  an 
outhne  of  the  origin  and  development  of  the  same. 

An  analysis  of  the  subject-matter  under  discussion,  especially  of 
the  most  important  elements  thereof. 

A  statement  giving  the  advantages  of  the  recommended  practices 
and  the  disadvantages  of  the  old  or  present  practices. 

The  final  conclusions  of  the  Committee,  in  logical  sequence,  ex- 
pressing in  succinct  language  the  action  desired  on  the  various  elements 
of  the  report. 
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The  collection  and  compilation  of  data  and  subsequent  analysis 
in  the  form  of  arguments  and  criticism  is  a  necessary  and  valuable 
preliminary  element  of  all  committee  work;  but  the  ultimate  aim  of 
all  the  Association's  efforts  should  be  to  produce  permanent  results. 
This  can  be  best  accomplished  by  having  all  committee  work  tend 
toward  the  presentation  to  the  Association  of  concise  conclusions,  rec- 
ommendations, specifications,  standards,  plans,  etc.,  suitable  for  adopti'^'a 
and  publication  in  the  Manual  of  Recommended  Practice. 

Committees  should  endeavor  to  secure  written  discussions  of  pre- 
vious reports   as   a  guide  for   future  action. 

GENERAL  RULES  FOR  CONSIDERATION  AND  PUBLICATION 
OF  COMMITTEE  REPORTS. 

(i)  No  report  shall  come  before  the  convention  for  discussion 
unless  it  has  been  published  in  the   Bulletin. 

(2)  Written  discussions  on  published  reports  will  appear  in  subse- 
quent Bulletins.  The  last  Bulletin  before  the  convention  will  appear  about 
February  ist.  Discussions  received  between  November  30th  and  Feb- 
ruary ist  which  do  not  appear  in  the  last  Bulletin  will  be  published  in 
leaflet  form.  The  convention  will  be  held  about  the  middle  of  March 
of  each  year.  Discussions  received  after  February  15th  will  not  be 
published  prior  to  the  convention,  but  will  be  transmitted  to  the  re- 
spective committees  as  soon  as  received.  Reports  for  which  no  definite 
date  for  publication  has  been  fixed  by  the  Board  of  Direction  must  be 
presented  not  later  than  November  30th.  Reports  received  after  No- 
vember 30th  will  not  come  before  the  following  convention  for  dis- 
cussion ;  will  be  withheld  from  the  public  press,  published  in  a  Bulletin 
after  the  convention,  and  considered  at  the  next  Convention. 

(3)  Reports  will  be  considered  by  the  convention  in  the  order  of 
their  receipt  by  the  Secretary,  unless  the  convention  by  a  two-thirds 
majority  may  decide  to  give  precedence  to  one  or  more  particular  reports. 

(4)  No  report  shall  be  published  in  the  Proceedings  unless  it  shall 
have  been  acted  upon  by  the  convention.  Reports  coming  before  the 
convention  and  not  being  acted  upon  for  lack  of  time  will  be  published 
in  subsequent  Bulletins,  together  with  all  written  discussions  presented 
to  the  Secretary  thereon,  at  times  fixed  by  the  Board  of  Direction. 

(5)  The  method  of  consideration  of  reports  will  be  as  follows: 

(a)  Reading  by  title. 

(b)  Reading,  discussing  and  acting  upon  each  conclusion  separately. 
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(c)  By  majority  vote  discussion  will  be  had  of  each  item.  Clauses  not 
objected  to  when  read  will  be  cdhsidered  as  voted  upon  and 
adopted. 

(6)  Action  by  the  convention  on  reports  will  be  one  of  the  follow- 
ing after  discussion   is  closed : 

(a)  Receiving  as  information. 

(b)  Receiving  as   a  progress   report  and   referring  back   to    Committee. 

(c)  Adoption  of  a  portion  and  referring  remainder  back  to  Committee. 

(d)  Adoption  as  amended. 

(e)  Adoption  as  submitted. 

(7)  Reports  will  be  published  in  the  Proceedings  in  their  original 
form,  as  presented  by  the  Committee;  but  the  Secretary  will  prepare  for 
convenience  of  reference  a  summary  of  the  alterations  ordered  by  the- 
Association,  and  insert  the  same  immediately  after  the  signature  of  the 
Committee  and  preceding  the  discussion. 

(8)  All  discussions,  both  oral  and  written,  will  be  published  in  the 
Proceedings.  Each  speaker's  remarks  will  be  submitted  to  him  in  writing 
before  publication  in  the  Proceedings  for  correction  of  diction  and  errors 
of  reporting,  but  not  for  the  elimination  of  remarks. 

(9)  All  committee  organizations  are  to  be  considered  permanent 
unless   changes   are   made  by   the    Board   of   Direction. 

(10)  As  soon  as  possible  after  each  annual  convention  the  Board 
of  Direction  will  announce  the  outline  of  committee  work  for  the  next 
convention,  with  list  of  committeemen. 

(11)  Reports  as  finally  adopted  by  the  Association  will  be  pub- 
lished from  time  to  time  in  a  volume  to  be  entitled  "Manual  of  Recom- 
mended Practice  for  Railway  Engineering  and  Maintenance  of  Way, 
containing  the  Definitions,  Specifications  and  Principles  of  Practice 
adopted  and  recommended  by  the  American  Railway  Engineering  and 
Maintenance   of  Way  Association." 


GENERAL  RULES  FOR  PUBLICATION  OF  "MANUAL  OF  REC- 
OMMENDED   PRACTICE." 

(i)  The  title  of  the  volume  will  be  "Manual  of  Recommended 
Practice  for  Raikvay  Engineering  and  Maintenance  of  Way,  containing 
the  Definitions,  Specifications  and  Principles  of  Practice  adopted  and 
recommended  by  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association,"  edited  under  the  direction  of  the  Committee  on 
Publications,  and  publication  approved  by  the   Board  of  Direction. 


818  GENERAL    RULES. 

(2)  The  adoption  by  the  Association  and  subsequent  publication  of 
any  matter  in  the  Manual  shall  be  considered  in  the  nature  of  recom- 
mended practice   and   shall   not  be   binding   on   the   members. 

(3)  The  Manual  shall  only  include  resolutions,  conclusions,  recom- 
mendations, plans,  etc.,  relating  to  definitions,  specifications  or  principles 
of  practice  of  such  questions  connected  with  railway  engineering  and 
maintenance  of  way  work  which  have  been  made  the  subject  of  a  special 
study  by  a  standing  or  special  committee  and  embodied  in  a  committee 
report,  published  not  less  than  thirty  days  prior  to  the  annual  conven- 
tion, and  submitted  by  the  committee  to  the  animal  convention,  and  which, 
after  due  consideration  and  discussion,  shall  have  been  voted  on  and 
formally  adopted  by  the  Association. 

(4)  Any  matter  published  in  the  Manual  may  be  amended,  revised, 
extended  or  withdrawn  by  vote  at  any  subsequent  annual  convention, 
provided  such  changes  are  proposed  in  time  for  publication  not  less  than 
thirty  days  prior  to  the  annual  convention,  and  in  the  following  manner : 

(a)  Upon   recommendation  of  the   Committee  in  charge  of  the   subject; 

(b)  upon  recommendation  of  the  Board  of  Direction;  (c)  upon  request 
of  five  members,  subject  to  the  action  of  the  Board  of  Direction  under 
Rule  (6). 

(5)  All  resolutions,  conclusions,  recommendations,  specifications, 
standards,  etc.,  in  order  to  be  included  in  the  Manual,  must  be  in  concise 
and  proper  final  shape  for  publication,  as  the  Manual  will  consist  only 
of  a  summary  record  of  the  definitions,  principles  of  practice,  specifica- 
tions and  standards  recommended  by  the  Association,  with  a  brief  ref- 
erence to  the  published  Proceedings  of  the  Association  for  the  context 
of  the  committee  report  and  subsequent  discussions  and  the  final  action 
of  the  Association. 

(6)  The  Board  of  Direction  shall  have  authority  to  exclude  from 
the  Manual  any  matter  which,  in  its  judgment,  it  shall  consider  as  not 
desirable  to  publish,  or  as  not  being  in  proper  shape,  or  as  not  having 
received  proper  study  and  consideration. 

(7)  The  Manual  will  be  revised  annually  and  kept  up-to-date  by 
publishing  a  new  edition  or  a  supplemental  pamphlet  as  promptly  as 
oossible  after  each  convention. 
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I— COM^IITTEE   ON    ROADWAY. 

Observe    "General    Instructions    for    All    Committees." 

(i)  Continue  the  consideration  of  track  elevation  and  depression 
inside  of  cities,  and  grade  and  curve  improvement  work  outside  of 
cities,  and  submit  recommendations  covering  more  particularly  questions 
of  detail  relative  to  the  handling  of  the  work. 

(2)  Report  on  the  best  method  for  determining  the  size  of  water- 
ways. 

(3)  Report  on  the  protection  of  the  roadbed  in  embankment  and 
excavation  from  the  action  of  water,  more  particularly  with  reference 
to  protection  from  washouts  or  overflows  and  from  slides,  whether 
caused  by  surface  or  underground  water. 

(4)  Report  on  the  surface  and  sub-surface  drainage  of  embank- 
ments and  excavations. 

(5)  Report  on  the  tiling  of  wet  cuts  and  the  curing  of  slides. 

II— COMMITTEE    ON    BALLASTING. 
Observe   "General  Instructions    for   All   Committees." 

(i)  Review  the  customary  recommended  practice  for  preparation 
and  delivery  of  various  classes  of  ballast,  with  cost  of  handling  same, 
if  practicable. 

(2)  Review  the  advantages  and  disadvantages  of  the  various  types 
of  ballast,  including  stone  of  different  kinds,  slag  and  gravel,  and  the 
different  qualities  of  gravel  with  reference  to  the  amount  of  sand  or 
clay  contained. 

(3)  Report  on  the  best  method  to  be  used  in  determining  the 
wearing  quality  of  crushed  stone. 

(4)  Review  the  customary  practice  and  practicability  of  treating 
stone   ballast   which   has   become   foul    under  the   ties. 

(5)  Prepare  recommended  principles  of  practice  for  slag  ballast, 
chats    ballast,    cementing   gravel   ballast    and   chert   ballast. 

(6)  Report  on  the  necessity  for  and  best  material    for  sub-ballast. 

(7)  Review  of  special  literature  on  the  subject  of  Ballasting. 
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III— COMMITTEE   ON    TIES. 

Observe    "General   Instructions    for   All    Committees" 

(i)  Continue  the  compilation  of  statistics  upon  the  life  of  ties, 
both  treated  and  untreated,  and  the  causes  of  failure.  Present  summary 
compilation  of  reports  received  and  draw  such  conclusions  therefrom 
as  the  statistics  warrant  at  the  present  time. 

(2)  Prepare  critical  review  of  the  general  question  of  the  present 
and  future  status  of  the  tie  supply,  the  various  methods  heretofore 
adopted  for  reducing  the  yearly  demands  on  the  timber  supply,  and 
what  general  lines  of  investigation  and  change  in  existing  methods  may 
seem  most  desirable  to  be  followed  so  as  to  secure  the  best  results  in 
the  future. 

(3)  Collect  statistics  on  the  extent  of  the  use  and  the  life  of 
metal  or  composite  ties  up  to  the  present  time,  with  illustrations  and 
descriptions  of  the  most  successful  designs,  and  draw  such  conclusions 
as  the  conditions  may  warrant. 

IV— COMMITTEE   ON   RAIL. 

Observe    "General   Instructions    for    All    Committees." 

(r)  Continue  the  investigation  of  the  breakage  and  failure  of  rails 
and   present   summary   of  conclusions   drawn    from   reports    received. 

(2)  Report  on  the  results  obtained  from  the  use  of  Open-Hearth 
steel  rails  and  the  chemical  composition  of  such  rails. 

(3)  Report  on  any  recommended  changes  in  specifications  for  Bes- 
semer steel  rails  as  heretofore  adopted  by  this  Association. 

(4)  Present  recommendation  as  to  Standard  Rail  Sections. 

(5)  Present  report  showing  diagrams  or  photographs  of  typical 
characteristic  rail  failures  corresponding  to  the  classification  as  given 
in  form  M.  W.  1200,  Report  of  Rail  Failures  in  Main  Tracks. 

(6)  Report  on  the  design  of  joints. 

(7)  Reconsider  and  report  any  recommended  change  in  "Standard 
Drilling  of  Rails,"  as  heretofore  adopted  by  this  Association  (Manual, 
1907,  p.  6s). 

(8)  Prepare   forms   for  collecting  and   analyzing  rail   statistics. 

V— COMMITTEE  ON  TRACK. 

Observe    "General    Instructions    for   All    Committees." 

(i)  Review  and  revise  the  Committee's  report  presented  at  the 
Ninth    Annual   Convention,    covering   the   following   subjects: 

(a)  Report  on  the  subject  of  turnouts  and  turnout  material,  in- 
cluding the  best  types  of  switchstands,  switchpoints,  frogs,  guard  rails 
and  throat  clearance,  bearing  in  mind  the  possibility  of  an  increase  of 
the  thickness  of  wheel  flanges  and  the  effect  of  worn  tires  and  wheels 
upon  the  various  parts  of  turnouts,   frogs  and   crossings. 
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(b)  Report  on  facing  point  switches  for  high  speeds  with  a  con- 
tinuous main  line   rail. 

(c)  Confer  with   Committee  on   SignaHng   relative  to   switchstands. 

(2)  Lontmue  investigations  in  connection  with  a  sub-committee 
of  the  American  Railway  Master  Mechanics'  Association  upon  the 
subiect  of  widening  the  gage  on  curves  and  spacing  of  guard  rails,  as 
affected  by  the  different  lengths  of  engine  wheel  base,  arrangement  of 
flanged  wheels  and  wheel  wear. 

(3)  Report  on  whether  wide  gage,  which  is  due  to  worn  rail, 
should  be  corrected  by  closing  in  or  replacing  the  rail. 

(4)  Report  on  the  extent  rail  should  be  worn  before  it  becomes 
unsafe. 

(5)  Consider  revision  of  paragraph  (3),  under  "Proper  Method  of 
Spiking,"  Manual,  1907,  p.  64,  and  report  rc.-.ommendation  as  to  extent 
gage   on  curves   should  be  worn  open  before  closing  in   is   necessary. 

VI— COMMITTEE   ON    BUILDINGS. 

Observe   "General   Instructions   for   All   Committees." 

(i)  Reconsider  amended  conclusion  No.  5,  relative  to  locomotive 
coaling  stations   (Bulletin  95,  pp.  69-70). 

(2)  Report  on  the  use  of  reinforced  concrete  for  coaling  stations 
and  storage  bins. 

(3)  Collect  data  as  to  the  actual  use  of  reinforced  concrete  roofs 
for  roandhouses,  where  located,  life  to  date,  results  so  far  obtained, 
and  critical  analysis  of  advantages  or  possible  defects ;  also  diagrams 
of  typical  designs. 

(4)  Report  on  the  best  method  for  smoke  removal,  ventilation  and 
heating  of  roundhouses. 

(5)  Report  on  the  design  and  detail  arrangement  of  oil  houses 
at   terminals. 

VII— COMMITTEE    ON    WOODEN    BRIDGES    AND    TRESTLES. 

Observe    "General   Instructions    for   All    Committees." 

(1)  Continue  the  revision  of  the  specifications  for  structural  lim- 
bers, co-operating  with  Committee  Q  of  the  American  Society  for 
Testing  Materials  and  other  committees  on  the  subject,  with  a  view,  if 
possible,    of   preparing   a    uniform    standard    specification. 

(2)  Prepare  a  list  of  recommended  safe  unit  stresses  for  struc- 
tural  timbers. 

(3)  Revise   the   report   on   standard   names   for   struclural    tiniljcrs. 

(4)  Study  the  principles  and  methods  of  pile-driving,  and  collect 
data  relating  to  the  current  practice. 

(5)  Report  on  best  method  for  classification  of  pine  timber  for 
structural  purposes  in  place  of  classification  by  botanical  names. 
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VIII— COMMITTEE   ON    MASONRY. 

Observe   "General  Instructions   for  All   Committees." 

(i)  Reappoint  a  sub-committee  to  co-operate  with  the  "Joint  Com- 
mittee"   on    Concrete    and   Reinforced    Concrete. 

(2)  Collect  data  upon  the  reported  failures  of  concrete  structures 
and   the   probable  cause   of   same. 

(3)  Investigate  and  report  upon  the  waterproofing  of  masonry, 
covering  methods,    results,    cost   and   recommended   practice. 

(4)  Report  on  the  use  of  reinforced  concrete  trestles,  typical  de- 
signs, cost  and  recommended  practice. 

(5)  Present  typical  plans  of  retaining  walls  and  abutments,  plain 
and  reinforced,  with  comparison  and  recommended  practice. 

(6)  Report  on  the  desirability  of  all  monolithic  construction  in 
arches   or  large   abutments   with   wing   walls. 

(7)  Submit  specifications  for  reinforced  concrete. 

IX— COMMITTEE   ON    SIGNS,   FENCES,   CROSSINGS    AND 
CATTLE-GUARDS. 

Observe   "General   Instructions   for   All   Committees." 

(i)  Present  such  additional  recommendations  and  conclusions  cov- 
ering the  various  subjects  reported  on  in  the  previous  reports  of  the 
Committee  as  may  be  considered   desirable. 

(2)  Report  on  snow  fences,  snow  sheds  and  other  means  to  pre- 
vent snow  accumulating  and  best  methods  of  clearing  tracks  and  snow 
removal. 

(3)  Report  on  the  use  of  concrete  fenceposts,  results  obtained  so 
far  in  actual  service,  designs  and  cost. 

X— COMMITTEE    ON    SIGNALING    AND    INTERLOCKING. 
Observe   "General  Instructions   for  All   Committees." 

(i)  Mechanical    interlocking    specifications. 

(2)  Electric   interlocking    specifications. 

(3)  Rubber-covered    wire    specifications. 

(4)  Prepare    standard   contract   for   signaling   work. 

(5)  Prepare  outline  and  description  of  a  comprehensive  system 
for  universal   signaling,   suitable   for   general   adoption. 

(6)  Confer  with  Committee  on  Track  relative  to  switchstands. 
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XI— COMMITTEE    ON    RECORDS,    REPORTS    AND    ACCOUNTS. 
Observe   "General  Instructions   for  All   Committees." 

(i)  Revise  "Track  Chart,"  form  M.  W.  1016,  so  that  the  chart 
will  show  the  conventional  signs  as  adopted  by  the  Association. 

(2)  Recommend  any  desirable  changes  in  conventional  signs  as 
heretofore  adopted. 

(3)  Review  the  subject  of  "Time  Book"  and  recommendations  as  to 
revising  form  M.  W.  1008,  with  a  view  to  preparing  a  form  that  may 
be  uniformly  used  for  all  maintenance  of  way  departments,  and  offering 
a  check  against  irregular  practices  and  allowing  the  use  of  a  daily 
time  report. 

(4)  Recommend  forms  for  use  of  maintenance  of  way  departments 
for  preparing  preliminary  detailed  estimates  of  contemplated  construction 
work,  this  form  to  be  used  preliminary  to  and  form  the  basis  for  the 
summary  estimate  data  embodied  on   form   M.   W.    1017. 


XII— COMMITTEE     ON     UNIFORM     RULES,     ORGANIZATION, 
TITLES,    CODE,    ETC. 

Observe   "General  Instructions   for  All   Committees." 

(1)  Supplement  "General  Rules  for  Government  of  Employes  of 
Maintenance    of   Way   Department." 

(2)  Prepare  Special  Rules  for  Foremen  and  other  employes,  prop- 
erly grouped  and  classified  in  accordance  with  and  supplementary  to  the 
General  Rules  heretofore  adopted. 


XIII— COMMITTEE   ON   WATER   SERVICE. 

Observe  "General  Instructions  for  All  Commrttees." 

(i)  Report  on  the  use  of  coal,  gasoline  or  other  fuels  as 
motive  power  for  pumping  plants,  with  relative  economy  and  desirability 
of  each  system  under  different  conditions. 

(2)  Report  on  the  general  principles  of  the  water  supply  service, 
independent  of  the  question  of  water  treatment,  and  on  typical  installa- 
tions for  various  characteristic  conditions. 

(3)  Report  on  various  types  of  track  tanks,  with  designs  of  typical 
installations,  and  critical  review. 
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XIV— COMMITTEE    ON    YARDS   AND   TERMINALS. 

Observe   "General  Instructions  for  All   Committees." 

(i)  Report  on  the  average  and  maximum  classifying  capacity  of 
Hump  Yards  with  one  or  two  scales  on  the  hump  and  the  number  of 
yard   engines    required   under  varying  conditions. 

(2)  Report  on  terminal  freight  houses  at  large  terminals  and 
transfer  points,  more  particularly  with  reference  to  general  arrangement 
of  buildings   and  platforms   and   the   track   layout. 

(3)  Development  of  mechanical  handling  as  a  means  of  promoting 
rapidity  and   economy  in  the   handling  of  .  freight. 

(4)  The  relation  of  the  percentage  or  proportion  of  cars  to  be 
weighed  to  the  location  of  scales  on  the  hump  or  elsewhere,  and  if 
not  placed  on  the  hump,  where  scales  should  be  placed,  and  the  reasons 
therefor;   also  how   weighing  is   done  where   cuts   of  cars  are  switched. 

(5)  Report  on  the  feasibility  of  transferring  freight  by  means  of 
movable   freight  platforms,   and   outline  of   methods. 

XV— COMMITTEE   ON   IRON   AND    STEEL   STRUCTURES. 
Observe   "General  Instructions  for  All  Committees." 

(i)     Continue   investigations    as    to   impact   tests. 

(2)  Continue  investigations  in  regard  to  injury  to  bridges  and 
railroad  structures  caused  by  flat  spots  on  wheels,  conferring  with 
committees  of  other  associations. 

(3)  Report  on  the  care  of  existing  bridges,  inspection,  methods 
of  field  work  and  records  of  inspection. 

(4)  Report  on  the  maintenance  of  bridges,  including  protection 
of  steel   structures    from   corrosion. 

(5)  Specifications  for  bridge  erection. 

(.6)  Report  to  what  extent  steel  bridge  construction  for  the  main 
girders  of  bridges  carrying  heavy  loads  under  high  speeds  is  preferable 
to   reinforced   concrete   construction. 

XVI— COMMITTEE  ON  ECONOMICS  OF  RAILWAY  LOCATION. 

Observe   "General  Instructions   for  All   Committees." 

(i)  Continue  the  consideration  of  all  questions  connected  with 
railway  location,  grades,  lines  and  improvement  of  grades  and  lines 
affecting  the  economic  operation  with  relation  to  traffic,  tonnage  ratings, 
speed,  density  of  traffic  and  financial  considerations,  with  the  special 
aim  in  view  of  establishing  uniform  methods  and  unit  values  for  in- 
vestigating and  analyzing  the  relative  changes  and  costs  of  comparative 
routes  or  proposed  grade   reductions   and   line   corrections. 
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XVII— COMMITTEE    ON    WOOD    PRESERVATION. 
Observe  "General  Instructions   for  All  Committees." 

The  Committee  work  is  to  cover .  in  general  the  investigating  and 
reporting  on  the  preservation  of  wood  used  for  ties  and  for  railroad 
structures  and  buildings,  confining  the  work  of  the  Committee  more 
particularly   to  processes,   methods   and    results   obtained. 

Present  recommendation  as  to  outline  of  work  for  the  Committee, 
with  suggestion  for  classification  to  be   followed. 

Continue  the  work  done  heretofore  by  the  Committees  on  Ties  and 
on  Wooden  Bridges  and  Trestles,  relating  to  the  special  subjects  of 
processes  and  methods  of  wood  preservation. 

SPECIAL    COMMITTEE    ON    UNIFORM    GENERAL    CONTRACT 

FORM. 

Observe  "General  Instructions   for  All   Committees." 

Prepare  uniform  general  contract  forms  and  present  recommenda- 
tions on  the  subject. 
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COMMITTEE    NO.    I— ROADWAY. 

Geo.  H.  Bremner,  Engineer,  Illinois  District,  Chicago,  Burlington  & 
Quincy   Railway,   Chicago,  111.,  Chairman. 

S.  B.  Fisher,  Chief  Engineer,  Missouri,  Kansas  &  Texas  Railway,  St. 
Louis,  Mo.,  Vice-Chairman. 

John  C.  Beye,  Locating  Engineer,  Chicago,  Rock  Island  &  Pacific  Rail- 
way,  Chicago,  III. 

D.  J.  Brumley,  Principal  Assistant  Engineer,  Illinois  Central  Railroad, 
Chicago,   111. 

Moses  Burpee,  Chief  Engineer,  Bangor  &  Aroostook  Railroad,  HouUon, 
Me. 

W.  C.  Curd,  Assistant  Engineer,  Missouri  Pacific  Railway,  St.  Louis,  Mo. 

W.  M.  Dawley,  Assistant  Engineer,  Erie  Railroad,  New  York,  N.  Y. 

Paul  Didier,  District  Engineer,  Baltimore  &  Ohio  Railroad,  Allegheny, 
Pa. 

C.    Dougherty,    1324    Chemical    Building,    St.    Louis,    Mb. 

A.  M.  Kinsman,  Engineer  of  Construction,  Baltimore  &  Ohio  Railroad, 
Baltimore,  Md. 

Duncan  MacPherson,  Assistant  Chief  Engineer,  National  Transconti- 
nental Railway,  Ottawa,  Ont. 

W.  D.  Pence,  Professor  of  Railroad  Engineering,  University  of  Wis- 
consin, Madison,  Wis. 

H.  J.   Slifer,   General  Manager,  Panama  Railroad,   Colon,   Panama. 

J.  A.  Spielmann,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 
Railroad,  Wheeling,  W.  Va. 

J.  G.  Sullivan.  Manager  of  Construction,  Canadian  Pacific  Railway, 
Toronto,  Can. 

J.  E.  WiLLOUGHBY,  Engineer  of  Construction,  Louisville  &  Nashville 
Railroad,  Louisville,  Ky. 

R  C.  Young,  Chief  Engineer,  Lake  Superior  &  Ishpeming  and  Munising 
Railways,  Marquette,  Mich. 

COMMITTEE    NO.    II— BALLASTING. 

John  V.  Hanna,  Chief  Engineer,  Kansas  City  Terminal  Railway,  Kan- 
sas City,  Mo.,  Chairman. 

C.  A.  Paquette,  Assistant  Chief  Engineer,  Cleveland,  Cincinnati,  Chicago 
&  St.    Louis   Railway,   Cincinnati,    O.,    Vice-Chairman. 

Willard  Beahan,  Assistant  Engineer,  Lake  Shore  &  Michigan  Southern 
Railway,  Cleveland,  O. 
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W.  J.  Bergen,  Assistant  to  Chief  Engineer,  New  York,  Chicago  &  St. 
Louis  Railway,  Cleveland,  O, 

J.  B.  Dickson,  Assistant  to  General  Manager,  Erie  Railroad,  New  York. 

H.  O.  Garman,  Assistant  Professor  of  Civil  Engineering,  Purdue  Uni- 
versity,  Lafayette,   Ind. 

H.  E.  Hale,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  Railroad, 
Baltimore,  M'd. 

G.  D.  Hicks,  Superintendent,  Nashville,  Chattanooga  &  St.  Louis  Rail- 
way, Tullahoma,  Tenn. 

B.  C.  M'lLNER,   1401   North  Third   Street,  Louisville,   Ky. 

A.  F.  Rust,  Resident  Engineer,  Kansas  City  Southern  Railway,  Kansas 
City,  Mo. 

W.  C.  Smith,  Engineer  Maintenance  of  Way,  Northern  Pacific  Rail- 
way,   St.    Paul,    Minn. 

F.  J.  Stimson,  Engineer  Maintenance  of  Way,  Grand  Rapids  &  Indiana 

Railroad,   Grand  Rapids,  Mich. 
A.   W.   Thompson,    Chief    Engineer   Maintenance   of   Way,    Baltimore    & 
Ohio  Railroad,  Baltimore,  Md. 

G.  M.   Walker,   Jr.,   Assistant   Engineer   and    Roadmaster,    Kansas    City 

Belt  Railway,  Kansas  City,  Mo. 

COMMITTEE    NO.    Ill— TIES. 

E.  B.   CusHiNG,   Southern  Pacific   Company,  Houston,  Texas,  Chairman. 

E.  G.  Ericson,  Principal  Assistant  Engineer,  Northwest  System,  Penn- 
sylvania Lines,  Pittsburg,  Pa.,   Vice-Chairman. 

J.  B.  Austin,  Jr.,  Engineer  Maintenance  of  Way,  Long  Island  Rail- 
road, Jamaica,  N.  Y. 

W.  F.  H.  Finke,  Tie  and  Timber  Agent,  Southern  Railway,  Wash- 
ington, D.  C. 

E.  E.  Hart,  Chief  Engineer,  New  York,  Chicago  &  St.  Louis  Railway, 
Cleveland,  O. 

E.  D.  Jackson,  Assistant   Engineer   Maintenance   of   Way,   Baltimore   & 

Ohio  Railroad,  Baltimore,  Md. 

F.  B.   Oren,   Assistant  Roadmaster,   Illinois   Central   Railroad,    Princeton, 

Ky. 
H.   J.   Simmons,    General   Manager,   El    Paso    &    Southwestern    Railway 

System,  El  Paso,  Tex. 
A.   W.   Thompson,   Chief  Engineer   Maintenance   of   Way,   Baltimore   & 

Ohio   Railroad,   Baltimore,   Md. 
E>R.  Hermann  Von  Schrenk,  Supervisor  of  Timber  Preservation,  Rock 

Island,   Chicago  &  Eastern  Illinois,  and  Frisco   Railways,   St.   Louis, 

Mo. 
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COMMITTEE  NO.   IV— RAIL. 

D.  D.  Carothers  (Director),  Chief  Engineer,  Baltimore  &  Ohio  Rail- 
road, Baltimore,  Md.,  Chairman. 

R.  MoNTFORT,  Consulting  Engineer,  Louisville  &  Nashville  Railroad, 
Louis  ville,*'Ky.,  Vice -Chairman. 

E.  B.  AsHBY,  Chief  Engineer,  Lehigh  Valley  Railroad,  New  York,  N.  Y. 
J.   A.   Atwood,    Chief  Engineer,   Pittsburg  &  Lake   Erie  Railroad,    Pitts- 
burg, Pa. 

A.   S.   Baldwin,   Chief   Engineer,  Illinois   Central   Railroad,   Chicago,   111. 

J.  B.  Berry,  Chief  Engineer,  Chicago,  Rock  Island  &  Pacific  Railway, 
Chicago,  111. 

Chas.  S.  Churchill  (Director),  Chief  Engineer,  Norfolk  &  Western 
Railway,  Roanoke,  Va. 

W.  C.  CusHiNG  (Director),  Chief  Engineer  Maintenance  of  Way,  South- 
west System,  Pennsylvania  Lines  West,  Pittsburg,  Pa. 

F.  A.  Delano,  President,  Wabash  Railroad,  Chicago,  111. 

Dr.  p.  H.  Dudley,  Rail  Expert,  Nevir  York  Central  Lines,  New  York, 
N.  Y. 

C.  H.   EwiNG,   Engineer   Maintenance  of  Way,    Philadelphia   &   Reading 

Railway,  Reading,   Pa. 

J.  F.  Hinckley,  Chief  Engineer,  Frisco  Railway  System,  St.  Louis,  Mo. 

John   D.  Isaacs,  Consulting  Engineer,  Harriman   Lines,   Chicago,  111. 

Thos.  H.  Johnson,  Consulting  Engineer,  Pennsylvania  Lines  West, 
Pittsburg,  Pa. 

Howard  G.  Kelley  (Past-President),  Chief  Engineer,  Grand  Trunk 
Railway   System,  Montreal,  Canada. 

J.  W,  Kendrick,  Second  Vice-President,  Atchison,  Topeka  &  Santa  Fe 
Railway,  Chicago,  111. 

George  W.  Kittredge  (Past-President),  Chief  Engineer,  New  York  Cen- 
tral &  Hudson  River  Railroad,  New  York,  N.  Y. 

D.  W.  LuM,  Chief  Engineer  Maintenance  of  Way  and  Structures, 
Southern    Railway,   Washington,   D.    C. 

Jos.  T.  Richards,  Chief  Engineer  Maintenance  of  Way,  Pennsylvania 
Railroad,    Philadelphia,   Pa.  ^ 

J.  P.  Snow  (Director),  Bridge  Engineer,  Boston  &  Maine  Railroad, 
Boston,  Mass. 

Robert  Trimble,  Chief  Engineer  Maintenance  of  Way,  Northwest  System, 
Pennsylvania  Lines,   Pittsburg,   Pa. 


COMMITTEE   NO.   V— TRACK. 

L.  S.  Rose,  Signal  Engineer,  Cleveland,   Cincinnati.  Chicago  &   St.  Louis 

Railway,  Cincinnati,  O.,  Chairman. 
C.  E.  Knickerbocker,  Engineer  Maintenance  of  Way,  New  York,  Ontario 

&  Western  Railway,  Middletown,  N.  Y.,  Vice-Chairman. 
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E.  C.  Blundell,  General  Roadmaster,  Chicago,  St.  Paul,  Minneapolis 
&  Omaha  Railway,  Eau  Claire,  Wis. 

Garrett  Davis,  Superintendent,  Chicago,  Rock  Island  &  Pacific  Railway, 
Cedar  Rapids,  la. 

T.  H.  HiCKEY,  Roadmaster,  Michigan  Central  Railroad,  St.  Thomas, 
Ont. 

C.  B.  HoYT,  Superintendent  Track,  New  York,  Chicago  &  St.  Louis 
Railroad,  Bellevue,  O. 

J.  B.  Jenkins,  Assistant  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more, Md. 

C.  E.  Lindsay,  Engineer  Maintenance  of  Way,  Electric  Zone,  New  York 
Central  &  Hudson   River  Railroad,   New   York,    N.   Y. 

G.  J.  Ray,  Division  Engineer,  Delaware,  Lackawanna  &  Western  Rail- 
road, Scranton,  Pa. 

S.  S.  Roberts,  Assistant  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 

R.  O.  Rote,  Jr.,  Principal  Assistant  Engineer,  Lake  Shore  &  Michigan 
Southern  Railway,  Cleveland,  O. 

John   C.   Sesser,  First  National   Bank  Building,   Chicago,   111. 

F.  A.  Smith,  Civil  Engineer,  Chicago,  111. 

R.   D.  Starbuck,  Assistant  Chief  Engineer,   Michigan   Central   Railroad, 

Detroit,  Mich. 
R.   A.   Van   Houten,   Division   Engineer,    Lehigh   Valley    Railroad,    Eas- 

ton.  Pa. 
W.    D.    Wheeler,    Chief    Engineer,    Minneapolis    &    St.    Louis    Railway, 

Minneapolis,   Minn. 
A.    A.    WiRTH,    Engineer    Maintenance    of    Way,     Pennsylvania    Lines, 

Allegheny,   Pa. 

COMMITTEE  NO.  VI— BUILDINGS. 

O.   P.   Chamberlain,  Chief  Engineer,  Chicago  &  Illinois  Western   Rail- 
road,  Chicago,  111.,  Chairman. 
Maurice  Coburn,  Engineer  Maintenance  of  Way,  Vandalia  Line,   Terre 

Haute,  Ind.,   V ice-Chairman. 
Geo.  W.  Andrews,  Inspector  of  Maintenance,  Baltimore  &  Ohio  Railroad, 

Baltimore,  Md. 
S.    D.    Brady,    Chief    Enginees,    Little    Kanawha    Railroad,    Parkersburg, 

W.   Va. 
A.   C.   BuTTERWORTH,   Assistant   Engineer,   Missouri   Pacific   Railway,    St. 

Louis,  Mo. 
H.  M.   Cryder,   Fullerton  Building,   St.   Louis,   Mo. 
Wm.   T.  Dorrance,  Designing  Engineer,   New   York   Central   &   Hudson 

River  Railroad,  New  York,  N.  Y. 
C.  H.  Fake,  Chief  Engineer,  Mississippi  River  &  Bonne  Terre  Railway, 

Bonne  Terre,  Mo. 
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P.  F.  Gentine,  Division  Engineer,  Missouri  Pacific  Railway,  Atchison, 
Kan. 

E.  N.  Layfield,  Chief  Engineer,  Chicago  Terminal  Transfer  Railroad, 
Chicago,  111. 

M.  A.  Long,  Architect,  Baltimore  &  Ohio  Railroad,  Baltimore,   Md. 

John  S.  Metcalf,  The  Temple,  Chicago,  111. 

W.  H.  Sellew,  Principal  Assistant  Engineer,  Michigan  Central  Railroad, 
Detroit,  Mich. 

L.  D.  Smith,  Engineering  Department,  Southern  Pacific  Company,  Oak- 
land, Cal. 

C.  H.  Stengel,  Designing  Engineer,  Virginian  Railway,  Norfolk,  Va. 

E.  W.  WiGGiN,  Superintendent  Bridges  and  Buildings,   New  York,  New 

Haven  &  Hartford  Railroad,  New  Haven,  Conn. 

COMMITTEE    NO.    VII— WOODEN    BRIDGES    AND   TRESTLES. 

Henry   S.  Jacoby,  Professor  of  Bridge   Engineering,   Cornell  University, 

Ithaca,   N.   Y..   Chairman. 
James  Keys,  Assistant  Engineer,  Union   Pacific  Railroad,  Omaha,  Neb., 

Vice-Chairman. 

F.  H.  Bainbridge,  Resident  Engineer,  Chicago  &  Northwestern  Railway, 

Clinton,  la. 
F.  E.  BissELL,  2185  East  93d  Street,  Cleveland,  O. 

A.  L.   Bowman,   City   Investment   Building,   New   York,   N.  Y. 

R.    D.    Coombs,    Structural    Engineer,    Pennsylvania    Tunnel    &    Terminal 

.Railway,   135   Remsen   Street,   Brooklyn,    N.   Y. 
Wn^LiAM  Graham,  Assistant  Bridge  Engineer,   New  York,   New  Haven 

&  Hartford  Railroad,  New  Haven,  Conn. 
L.    J.    HoTCHKiss,    Assistant    Bridge    Engineer,    Chicago,    Burlington    & 

Quincy  Railway,  Chicago,  111. 
Hans  Ibsen,  Bridge  Engineer,  Michigan  Central  Railroad,  Detroit,  Mich. 
William  Michel,  Engineer  Maintenance  of  Way,  Hocking  Valley  Rail- 
road,  Columbus,  O. 
F.   B.    ScHEETZ,    Superintendent    of    Bridges,    Missouri    Pacific    Railway, 

St.  Louis,  Mo. 
W.    F.    Steffens,    Engineer    Bridges    and    Buildings,    South    &    Western 

Railway,  Johnson  City,  Tenn. 
C.   C.    Wentworth,    Principal   Assistant   Engineer,    Norfolk   &   Western 

Railway,  Roanoke,  Va. 

B.  A.   Wood,  Resident  Engineer,  Mobile  &  Ohio   Railroad,  Mobile,   Ala. 

COMMITTEE  NO.  VIII— MASONRY. 

A.  O.  Cunningham,  Chief  Engineer,  Wabash  Railroad,  St.  Louis,  Mo., 
Chairman. 

W.  H.  Petersen,  Bridge  Engineer,  Chicago,  Rock  Island  &  Pacific  Rail- 
way,  Chicago,   111.,   Vice-Chairman. 
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W.    P.    BoRiGHT,    Division   Engineer,    New    York,    Chicago    &    St.    Louis 

Railway,   Conneaut,   O. 
C.  W.  BoYNTON,  Commercial  National  Bank  Building,  Chicago,  111. 
T.  L.  CoNDRON,  1442  Monadnock  Block,  Chicago,  111. 
Richard  L.   Humphrey,  Harrison  Building,   Philadelphia,   Pa. 
H.  H.  Knowlton,  Engineer  Maintenance  of  Way,  Cleveland,  Cincinnati, 

Chicago  &  St.  Louis  Railway,  M't.  Carmel,  111. 
J.    M.    Meade,    Engineer    Eastern    Grand    Division,    Atchison,    Topeka    & 

Santa  Fe   Railway,   Topeka,   Kan. 
C.  H.  Moore,  Engineer  Grade  Crossings,  Erie  Railroad,  New  York,  N.  Y. 
R.    K.    Rochester,    Principal    Assistant    Engineer,    Vandalia    Line,    St. 

Louis,  Mo. 

F.  E.  ScHALL,  Bridge  Engineer,  Lehigh  Valley  Railroad,   South   Bethle- 

hem, Pa. 
J.   W.   ScHAUB,   Monadnock   Block,   Chicago,   111. 

G.  H.  Scribner,  Jr.,  184  LaSalle  Street,  Chicago,  111. 

G.  F.  Swain,  Professor  of  Civil  Engineering,  Massachusetts  Institute  of 
Technology,  Boston,  Mass. 

A.  N.  Talbot,  Professor  of  Municipal  and  Sanitary  Engineering,  Uni- 
versity  of  Illinois,   Urbana,   III. 

G.  H.  Tinker,  Bridge  Engineer,  New  York,  Chicago  &  St.  Louis  Rail- 
way, Cleveland,  O. 

Job  TuTHiLL,  Engineer  Bridges  and  Buildings,  Pere  Marquette  Railroad, 
Detroit,  Mich. 

COMMITTEE  NO.  IX— SIGNS,  FENCES,  CROSSINGS  AND   CAT- 
TLE-GUARDS. 

W.    D.   Williams,    Chief   Engineer,    Cincinnati    Northern    Railroad,    Van 

Wert,   O.,    Chairman. 
F.    P.    GuTELius,    Assistant    Chief   Engineer,    Canadian    Pacific    Railway, 

Montreal,  Can.,   Vice-Chairman. 
A.   G.   BouGHNER,   Office   Chief   Draftsman,   Baltimore   &   Ohio   Railroad, 

Baltimore,  Md. 
A.  E.  DoucET,  District  Engineer,  Transcontinental  Railway,  Quebec,  Can. 
A.  -M.    Funk,    Division    Engineer,    Baltimore    &    Ohio    Railroad,    New 

Castle,    Pa. 
Paul  Hamilton,   Engineer  Maintenance  of  Way,   Cleveland,   Cincinnati, 

Chicago  &  St.  Louis  Railway,  Springfield,   O. 
C.  W.  Johns,  Assistant  Engineer,  Chesapeake  &  Ohio  Railway,  Hinton, 

W.  Va. 
S.  A.  Jordan,  Division  Engineer,  Baltimore  &  Ohio  Railroad,   Philadel- 
phia, Pa. 
H.  L.  Laughlin,  Engineer  Maintenance  of  Way,  Minneapolis,   St.    Paul 

&   Sault  Ste.    Marie   Railway,  Minneapolis,   Minn. 
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E.  R.  Lewis,  Division  Engineer,  Michigan  Central  Railroad,  Bay  City, 
Midi. 

M.  A.  Neville,  Superintendent,  Peoria  &  Eastern  Railway,  Indianapolis, 
Ind. 

P.  Petri,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Winchester,  Va. 

K.  J.  C.  ZiNCK,  Chief  Draftsman,  Grand  Trunk  Pacific  Railway,  Mon- 
treal, Canada. 


COMMITTEE   NO.    X— SIGNALING   AND    INTERLOCKING. 

A.  H.  RuDD,  Signal  Engineer,  Pennsylvania  Railroad,  Philadelphia,  Pa., 
Chairman. 

L.  R.  Clausen,  Superintendent,  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way,  Chicago,   111.,    J'icc-Cliainnan. 

Azel  Ames,  Jr.,  Signal  Engineer,  New  York  Central  &  Hudson  River 
Railroad,  New  York,  N.  Y. 

C.  C.  Anthony,  Assistant  Signal  Engineer,  Pennsylvania  Railroad,  Phil- 
adelphia, Pa. 

H.  S.  Balliet,  Engineer  Maintenance  of  Way,  Grand  Central  Station 
and  Electric  Division,  New  York  Central  &  Hudson  River  Railroad, 

New  York,  N.  Y. 

H.  S.  Cable,  General  Superintendent,  Central  District,  Chicago,  Rock 
Island   &   Pacific  Railway,   Davenport,   la. 

C.  A.  Christofferson,  Signal  Engineer,  Chicago  Great  Western  Rail- 
way, St.  Paul,  Minn. 

G.  E.  Ellis,  Signal  Engineer,  Rock  Island  Railway  System,  Chicago,  111. 

M.   H.   HovEY,   Signal   Engineer,    Illinois   Central   Railroad,    Chicago,    111. 

J.  C.  Mock,  Electrical  Engineer,  Detroit  River  Tunnel  Company,  De- 
troit, Mich. 

F.  P.  Patenall,  Signal  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more,  Md. 

J.  A.  Peabody,  Signal  Engineer,  Chicago  &  Northwestern  Railway,  Chi- 
cago, 111. 

Frank  Rhea,  Engineer  Maintenance  of  Way,  Pittsburg,  Cincinnati,  Chi- 
cago &  St.  Louis  Railway,  Logansport,   Ind. 

W.  B.  Scott,  Assistant  Director  of  Maintenance  and  Operation,  Harri- 
.  man  Lines,  Chicago,  111. 

Thos.   S.   Stevens,  Signal  Engineer,   Santa  Fe  System,  Topeka,   Kan. 

J.  E.  Taussig,  Terminal  Superintendent,  Wabash  Railroad,  St.  Louis,  Mo. 

H.  H.  Temple,  Superintendent,  Baltimore  &  Ohio  Railroad,  New  Castle, 
Pa. 

H.   M.   Waite,   Superintendent,   Seaboard   Air   Line,   Birmingham,   Ala. 

Edwin  F.  Wendt  (Director),  Assistant  Engineer,  Pittsburg  &  Lake 
Erie  Railroad,  Pittsburg,  Pa. 
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COMMITTEE   NO.  XI— RECORDS,   REPORTS    AND   ACCOUNTS. 

H.   R.    Safford,   Chief   Engineer   Maintenance   of   Way,   Illinois    Central 

Railroad,    Chicago,   111.,    Chairman. 
William    Archer,    Assistant    Real    Estate    Agent,    Baltimore    &    Ohio 

Southwestern   Railroad,   Cincinnati,   O.,   V ice-Chairman. 
A.  L.   Davis,  Assistant  Engineer,  Illinois   Central   Railroad,  Chicago,  111. 
Edward    Gray,    Engineer    Maintenance    of    Way,    Southern    Railway,    St. 

Louis,  Mo. 

E.  E.  Hanna,  Division  Engineer,  Missouri  Pacific  Railway,  Wynne,  Ark. 
Paul  Jones,   Superintendent,  Cincinnati  &  Muskingum  Valley  Railroad, 

Zanesville,  O. 

Henry  Lehn,  Maintenance  of  Way  Accountant,  New  York  Central  & 
Hudson  River  Railroad,  New  York,   N.   Y. 

J.  H.  MiLBURN,  Chief  Draftsman,  Baltimore  &  Ohio  Railroad,  Balti- 
more, Md. 

J.  W.  Orrock,  Chief  Draftsman,  Canadian  Pacific  Railway,  Montreal, 
Can. 

H.  J.  Pfeifer,  Engineer  Maintenance  of  Way,  Terminal  Railroad  Asso- 
ciation, St.  Louis,  Mo. 

C.  W.   Pifer,  Roadmaster,   Illinois   Central  Railroad,   Clinton,    111. 

V.  D.  SiMAR,  Acting  Chief  Engineer,  Dulutb,  South  Shore  &  Atlantic 
Railway,  Marquette,  Mich. 

J.  E.  Turk,  Superintendent,  Philadelphia  &  Reading  Railway,  Tamaqua, 
Pa. 

R.  W.  Willis,  Engineer,  Missouri  District,  Chicago,  Burlington  & 
Quincy   Railway,    St.    Louis,    Mo. 

COMMITTEE    NO.    XII— UNIFORM    RULES,     ORGANIZATION, 
•  TITLES,    CODE,    ETC. 

R.  C.  Barnard,  Superintendent,  Pennsylvania  Lines,  Cincinnati,  O., 
Chairman. 

F.  L.   Nicholson,  Engineer  Maintenance   of  Way,   Norfolk  &   Southern 

Railroad,  Norfolk,  Va.,   Vice-Chairman. 

G.  D.   Brooke,  Division   Engineer,  Baltimore  &  Ohio   Railroad,   Morgan- 

town,  W.  Va. 

W.  H.  Grant,  Manager  of  Construction,  Canadian  Northern  Railway, 
Toronto,  Canada. 

R.   L.  Huntley,  Chief  Engineer,   Union   Pacific   Railroad,   Omaha,   Neb. 

C.   N.'  Kalk,    Chief   Engineer,   Wisconsin    Central   Railway,   Chicago,   111. 

G.  L.  MoORE,  Chief  Engineer,  Rutland  Railroad,  Rutland,  Vt. 

J.  B.  Mykrs,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Cumber- 
land,  Md. 

Jos.  O.  Osgood,  Chief  Engineer,  Central  Railroad  of  New  Jersey,  Jersey 
City,  N.  J. 

J.  A.   Peabody,  Signal   Engineer,  Chicago  &  Northwestern  Railway,  Chi- 
cago, III. 
27 
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J.   H.   Wallace,   Assistant   Chief   Engineer,   Southern    Pacific   Company, 

San  Francisco,  Cal. 
G.  H.  Webb,  Chief  Engineer,  Michigan   Central  Railroad,  Detroit,  Mich. 
C.  A.  Wilson,  Chief  Engineer,  Cincinnati,  Hamilton  &  Dayton  Railroad, 

Cincinnati,   O. 


COMMITTEE  NO.  XIII— WATER   SERVICE. 

C.  L.  Ransom,  Resident  Engineer,  Chicago  &  Northwestern  Railway, 
Omaha  Neb.,  Chairman. 

M.  H.  WiCKHORST,  Engineer  of  Tests,  Chicago,  Burlington  &  Quincy 
Railroad,  Aurora,  111.,  Vice-Chairman. 

J.  L.  Campbell,  Engineer  Maintenance  of  Way,  El  Paso  &  South- 
western  Railway    System,   El   Paso,  Tex. 

J.  P.  CoNGDON,  Supervising  Engineer,  Oregon  Short  Line,  Pocatello,  Ida. 

Robert  Ferriday,  Engineer  Maintenance  of  Way,  Cleveland,  Cincinnati, 
Chicago  &  St.  Louis  Railway,  Indianapolis,  Ind. 

G.  H.  Herrold,  Division  Engineer,  Chicago,  Great  Western  Railway, 
Chicago,  111. 

E.  G.  Lane,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  Rail- 
road,  Pittsburg,   Pa. 

L.  B.  Merriam,  Division  Engineer,  Grand  Trunk  Pacific  Railway,  Win- 
nipeg, Man. 

C.  A.  Morse,  Chief  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Topeka,  Kan. 

L.  P.  Rossiter,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Pitts- 
burg,  Pa. 

COMMITTEE   NO.    XIV— YARDS    AND   TERMINALS. 

F.  S.  Stevens,  Superintendent,   Philadelphia  &  Reading  Railway,   Read- 

ing, Pa.,  Chairman. 
E.    E.   R.   Tratman,  Resident   Editor,   Engineering    News,    Chicago,    111 , 

Vice-Chairman. 
Hadley   Baldwin,   Superintendent,   Cleveland,   Cincinnati,   Chicago   &   St. 

Louis  Railway,  Mattoon,  111. 

G.  H.   Burgess,  Engineer  Terminal  Improvements,   Erie   Railroad,   New 

York,  N.  Y. 

L.  G.  Curtis,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Chicago, 
111. 

A.  H.  Dakin,  Jr.,  Terminal  Engineer,  Lehigh  Valley  Railroad,  New 
York,  N.  Y. 

H.  T.  Douglas,  Jr.,  Chief  Engineer,  Wheeling  &  Lake  Erie,  Wabash- 
Pittsburg  Terminal   and  West  Side  Belt  Railways,   Pittsburg.   Pa. 

A.  C.  EvERHAM,  Assistant  Tunnel  Engineer,  Detroit  River  Tunnel 
Company,   Detroit,   Mich. 


ORGANIZATION    OF    COMMITTEES.  835 

A.  P.  Greensfelder,  Laclede  Building,  St.  Louis,  Mo. 

F.  G.  Jonah,  Terminal  Engineer,  New  Orleans  Terminal  Company,  New  ^ 

Orleans,  La. 

B.  H.  Mann,  Signal  Engineer,  Missouri  Pacific  Railway  System,  St. 
Louis,  Mo. 

J.  D.  Mason,  Civil  Engineer,  Chicago,  111. 

A.  MoNTZHEiMER,  Chief  Engineer,  Elgin,  Joliet  &  Eastern  and  Chicago, 

Lake  Shore  &  Eastern  Railways,  Joliet,  111. 

G.  F.  Morse,  Assistant  Engineer,  Central  Railroad  of  New  Jersey,  New 

York,  N.  Y. 
Samuel  Rockwell,   Chief  Engineer,  Lake   Shore  &  Michigan   Southern 
Railway,  Cleveland,  O. 

C.  S.   Sims,  Vice-President  and   General  Manager,  Delaware  &  Hudson 

Railroad,  Albany,  N.  Y. 

C.  H.  Spencer,  Resident  Engineer,  Baltimore  &  Ohio  Railroad,  Wash- 
ington,  D.    C. 

C.  H.  Stein,  Engineer  Maintenance  of  Way,  Central  Railroad  of  New 
Jersey,  Jersey  City,  N.  J. 

COMMITTEE    NO.    XV— IRON    AND    STEEL    STRUCTURES. 
J.    E.    Greiner,    Consulting    Engineer,    Baltimore,   Md.,    Chairman. 
C.  F.  Loweth,  Engineer  and  Superintendent  Bridges  and  Buildings,  Chi- 
cago,  Milwaukee  &  St.    Paul   Railway,   Chicago,  III,    Vice-Chairman. 
J.   C.   Bland,  Engineer  of  Bridges,   Pennsylvania  Lines  West,  Pittsburg, 

Pa. 

M.  F.  Brown,  47  Winter  Street,  Boston,  Mass. 

C.  H.  Cartlidge,  Bridge  Engineer,  Chicago,  Burlington  &  Quincy  Rail- 
road, Chicago,  111. 

C.  L.  Crandall,  Professor  of  Railway  Engineering,  Cornell  University, 
Ithaca,  N.  Y. 

B.  W.  GUPPY,  Bridge  Engineer,  Maine  Central  Railroad,   Portland,   Me. 
A.  J.  HiMES,  Assistant  Chief  Engineer,  New  York,  Chicago  &  St.  Louis 

Railway,  Cleveland,  O. 

Chas.  M.  Mills,  Principal  Assistant  Engineer,  Philadelphia  Elevated 
Railroad  and  Subway,   Philadelphia,  Pa. 

A.  D.  Page,  Principal  Assistant  Engineer,  Chicago,  Rock  Island  &  Pa- 
cific Railway,   Chicago,  111. 

C.  D.  PuRDON,  Consulting  Engineer,  St.  Louis  &  San  Francisco  Railroad, 

St.  Louis,  Mo. 

A.  F.  Robinson,  Bridge  Engineer,  Santa  Fe  Railway  System,  Chicago,  111. 

C.  C.  Schneider,  Pennsylvania  Building,  Philadelphia,  Pa. 

F.  E.  TuRNEAURE,  Dean,  College  of  Engineering,  University  of  Wiscon- 
sin, Madison,  Wis. 

Wm.  R.  Webster,  411  Walnut  Street,  Philadelphia,   Pa. 

J.  R.  Worcester,  Consulting  Engineer,  79  Milk  Street,  Boston,  Mass. 
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.COMMITTEE  NO.  XVI— ECONOMICS  OF  RAILWAY  LOCATION. 

W.  B.  Storey,  Jr.,  Chief  Engineer,  Santa  Fe  Railway  System,  Chicago, 
111.,  Chairman. 

A.  K.  Shurtleff,  Assistant  Engineer,  Chicago,  Rock  Island  &  Pacific 
Railway,   Chicago,  111.,   Vice-Chairman. 

C.  Frank  Allen,  Professor  Railroad  Engineering,  Massachusetts  Insti- 
tute of  Technology,   Boston,  Mass. 

R.  N.  Begien,  Assistant  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more, Md. 

V.  G.  BoGUE,  Vice-President  and  Chief  Engineer,  Western  Pacific  Rail- 
way, San  Francisco,  Cal. 

J.  F.  Burns,  Roadmaster,  Louisville  &  Nashville  Railroad,  Elizabeth- 
town,    Ky. 

W.  W.  CoLPiTTS,  Assistant  Chief  Engineer,  Kansas  City,  Mexico  &  Orient 
Railway,   Kansas  City,  Mo. 

W.  L.  Darling,  Chief  Engineer,  Northern  Pacific  Railway,  St.  Paul, 
Minn. 

W.  E.  Dauchy,  Division  Engineer,  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way of  Washington,  Missoula,  Mont. 

A.  C.  Dennis,  Assistant  Engineer,  Canadian  Pacific  Railroad,  Montreal, 
Canada. 

Lewis  Kingman,  Chief  Engineer,  Mexican  Central  Railway,  Mexico, 
Mex. 

Chas.  J.  Parker,  Principal  Assistant  Engineer,  New  York  Central  & 
Hudson  River  Railroad,  New  York,  N.   Y. 

H.  T.  Porter,  Chief  Engineer,  Bessemer  &  Lake  Erie  Railroad,  Green- 
ville, Pa. 

J.  E.  ScHWiTZER,  Assistant  Chief  Engineer,  Canadian  Pacific  Railway, 
Winnipeg,    Man. 

Francis  Lee  Stuart,  Chief  Engineer,  Erie  Railroad,   New  York,   N.   Y. 

Walter  Loring  Webb,   Land  Title   Building,  Philadelphia,   Pa. 


COMMITTEE    NO.    XVII— WOOD    PRESERVATION. 

A.  L.  KuEHN,  Engineer  Track  and  Roadway,  Cleveland,  Cincinnati, 
Chicago   &   St.    Louis   Railway,   Cincinnati,   O.,    Chairman. 

Carl  G.  Crawford,  Specialist  in  Wood  Preservation,  Forest  Service, 
Washington,   D.   C,   Vice-Chairman. 

R.  N.  Begien,  Assistant  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more, Md. 

Lincoln  Bush,  Chief  Engineer,  Delaware,  Lackawanna  &  Western  Rail- 
road,   Hoboken,    N.    J. 
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T.    E.    CalverTj    Chief    Engineer,    Chicago,    Burhngton    &    Quincy    Rail- 
way,  Chicago,   111. 

O.  Chanute,  6i  Cedar  Street,  Chicago,  111. 

C.  K.  CoNARD,  Assistant   Engineer,  Erie  Railroad,   Middletown,   N.   Y. 

W.  H.  CouRTENAY,  Chief  Engineer,  Louisville  &  Nashville  Railroad, 
Louisville,  Ky. 

W.  W.  Curtis,  Caxton  Building,  Chicago,  111. 

E.  B.  CusHiNG,  Southern  Pacific  Company,  Houston,  Texas. 

Geo.  M.  Davidson,  Chemist  and  Engineer  of  Tests,  Chicago  &  North- 
western   Railway,    Chicago,   111. 

E.  O.  Faulkner,  Manager  Tie  &  Timber  Department,  Atchison,  Topeka 
&  Santa  Fe  Railway,  Topeka,  Kan. 

W.  K.  Hatt,  Professor  Civil  Engineering,  Purdue  University,  Lafayette, 
Ind. 

V.  K.  Hendricks,  Assistant  Engineer  Maintenance  of  Way,  St.  Louis 
&  San  Francisco  Railroad,   St.  Louis,  Mo. 

S.  M.  Rowe,  Monadnock  Block,  Chicago,  111. 

Earl  Stimson,  Chief  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio 
Southwestern  Railroad,  Cincinnati,  O. 

Dr.  Hermann  Von  Schrenk,  Supervisor  of  Timber  Preservation,  Rock 
Island,  Frisco  and  Chicago  &  Eastern  Illinois  Railways,  St.  Louis, 
Mo. 


SPECIAL    COMMITTEE    ON    UNIFORM    GENERAL    CONTRACT 

FORMS. 

W.  L.  Breckinridge,  Engineer  Maintenance  of  Way,  Chicago,  Burlington 
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Railroad,    Angelica,   N.   Y. 
185.      WiLGUS,  W.   J., 

New  York,  N.   Y. 
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854.     Wilkinson,  J.  W., 

Division    Engineer,    New    York,    Chicago   &    St.    Louis    Railroad, 
Cleveland,   Ohio. 

104.       WiLLARD,    D., 

Second  Vice-President,   Chicago,   Burlington  &  Quincy  Railroad, 
Chicago,   111. 

271.     Williams,  H.  R.,  • 

President,    Chicago,    Milwaukee   &   St.    Paul    Railway   of   Wash- 
ington,   Seattle,   Wash. 

689.     Williams,  S.  N.,  ' 

Professor    of    Civil    Engineering,    Cornell    College,    Mt.    Vernon, 
Iowa. 

32.     Williams,  W.  D.    (Chairman,  Sign.s,  Fences,  etc.), 

Chief  Engineer,   Cincinnati  Northern  Railroad,  Van  Wert,   Ohio. 
783.     Willis,  R.   W.    (Records.   Reports   and   Accounts), 

Engineer,  Missouri  District,  Chicago,  Burlington  &  Quincy  Rail- 
road,   St.   Louis,    Mo. 

610.     WiLLOUGHBY,  J.  E.   ('Roadway), 

Engineer    of    Construction,     Louisville    &     Nashville     Railroad, 
Louisville,    Ky. 

811.     Wilson,  A.  O., 

Division  Engineer,   Seaboard  Air  Line,   Richmond,   Va. 

9.     Wilson,  C.  A.    (Uniform  Rules), 

Chief   Engineer,   Cincinnati,    Hamilton   &   Dayton   Railway,   Cin- 
cinnati,   Ohio. 

270.     Wilson,  J.  T., 

Assistant  Engineer,   Baltimore  &  Ohio  Railroad,  Baltimore,  Md. 

459.     Wilson,  T.  W., 

General  Manager,   International  Railway,   Buffalo,   N.   Y. 

806.     WiLTSEE,  W.   P., 

Assistant  Engineer,   Norfolk  &  Western  Railway,   Roanoke,  Va. 

474.     WiRTH,  A.  A.   (Track), 

Engineer    Maintenance    of    Way,     Pennsylvania    Lines,     Pitts- 
burg,  Pa. 

555.     Wood,   B.   A.    (Wooden   Bridges   and   Trestles), 

Resident  Engineer,  Mobile  &  Ohio  Railroad,   Mobile,   Ala. 

619.     WOODLE,  A.   S.,  Jr., 

Baldwin    Locomotive   Works,    Philadelphia,    Pa. 

848.    Woods,  A.  A., 

Resident     Engineer,     Alabama     &     Vicksburg     and     Vicksburg, 
Shreveport   &   Pacific   Railways,    Vicksburg,    Miss. 

278.    Woods,  H.  A., 

Assistant  Chief  Engineer,   Grand   Trunk  Pacific  Railway,   Mon- 
treal,  Can. 
loi.     Woodward,  E.  K., 

Consulting  Engineer,   Chicago,  111. 
2CO.      WOODWOFTH,    G.    B., 

Rail    Inspector,    Cliicago,    Milwaukee   &    St.    Paul   Railway,    Chi- 
cago, 111. 

814.       WOOLLEY,    B.    C, 

Civil  Engineer,  Sioux  City,  Iowa. 
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395-     Worcester,  J.  R.    (Iron  and   Steel   Structures), 

Consulting  Engineer,    79   Milk   Street,   Boston,   Mass. 
704.    Worth iNGTON,  B.  A., 

Vice-President  and  General  Manager,  Wabash-Pittsburg  Termi- 
nal, Wheeling  &  Lake  Erie  and  West  Side  Belt  Railroads, 
Cleveland,  Ohio. 

412.     Wright,  J.  T., 

Vice-President  and  General  Manager,  Macon,  Dublin  &  Savan- 
nah Railroad,   Macon,   Ga. 

Y 

456.    Yamaguchi,  Junnosuke, 

Maintenance  of  Way  Department,  Imperial  Government  Rail- 
ways, Tokio,  Japan. 

595.     Young,  R.  C.   (Roadway), 

Chief  Engineer,  Lake  Superior  &  Ishpeming  and  Munising  Rail- 
ways, Marquette,  Mich. 

z 

207.      ZlESING,    A., 

President,    American   Bridge   Company,    Chicago,    111. 
470.     ZiNCK,  K.  J.  C.    (Signs,  Fences,  etc.). 

Chief  Draftsman,  Grand  Trunk  Pacific  Railway,  Montreal,   Can. 
614.      ZiNN,  A.    S., 

Resident  Engineer,  Istlimian  Canal  Commission,  Empire,  Canal 
Zone,  Panama. 

ASSOCIATES. 
A-13.     Baker,  N.  E., 

Assistant  Signal  Engineer,  Illinois  Central  Railroad,  Chicago,  111. 
A-9.       Breithaupt,  W.  H., 

Consulting    Engineer,    Toronto,    Canada. 
A-I2.     Christian,  W.  A., 

Assistant  Engineer,  Chicago  Great  Western  Railway,  St.  Paul, 
Minn. 

A-s.      Downs,  E.  L., 

Consulting  Architect  and   Sanitary  Engineer,  Chicago,   111. 
A-7.      Hallsted,  James  C, 

Consulting  Engineer,    Chicago,    IIL 
A-6.       KucKUCK,  B.  B., 

Civil   Engineer,    Charlottenburg,   Germany. 

A-is.    Liggett,  Thomas,  Jr., 

Chief  Engineer,  Western  Allegheny  Railroad,  New  Castle,  Pa. 
A-8.      Richardson,  F.  H., 

Chief  Engineer,  San  Francisco,  Idaho  &  Montana  Railway 
Caldwell,  Idaho. 

A-2.      RiTTER,  Louis  E., 

Consulting  Engineer,    Chicago,    111. 
A-4.      Sanderson,  E.  N., 

Electrical  Engineer  and  Contractor,   New  York,   N.   Y. 
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A-io.     Shearwood,  F.  p., 

Assistant  Engineer,  Dominion  Bridge  Company,  Montreal,  Can. 
A-3.       Sperry,  H.  M., 

Resident  Manager,  General  Railway  Signal  Company,  New 
York,   N.  Y. 

A-ii.     Smith,  C.  H., 

Assistant  Engineer,  New  York,  Chicago  &  St.  Louis  Railroad, 
Cleveland,  Ohio. 

A- 1 4.     WoLFEL,  Paul  L., 

Chief  Engineer,  McClintic-Marshall  Con.struction  Company 
Rankin,  Pa. 


MEWBBRSHIP  AND  MILEAGE  OF  RAILWAYS  REPRESENTED 

IN  THE  AMERICAN  RAILWAY  ENGINEERING  AND 

MAINTENANCE  OF  WAY  ASSOCIATION. 


Name  of  Road  and  Membership.  Members.     Mileage. 

Argentine    Republic    Railways i 

G.    F.    T.    Dominico,    Inspector   General,.  Buenos   Ayres, 
Argentine,  S.  A. 

Atchison,  Topeka  &   Santa   Fe   Railway    System 12        10,379 

J.  W.  Kendrick,   Second  Vice-President,  Chicago,  111. 
^'.  B.  Storey,  Jr.,  Chief  Engineer,  System,  Chicago,  III. 

C.  F.  W.  Felt,   Chief  Engineer,  Galveston,  Texas. 
C  A.  Morse,  Chief  Engineer,  Topeka,  Kan. 

H.  C.  Phillips,  Chief  Engineer,  Los  Angeles,   Cal. 

A.   F.   Robinson,  Bridge  Engineer,   System,  Chicago,  111. 

E.  O.    Faulkner,    Manager   Tie    &    Timber   Department, 
System.   Topeka,  Kan. 

Thos.  S.  Stevens,  Signal  Engineer,  System,  Topeka,  Kan. 
J.    M.    Meade,    Engineer,    Eastern   Grand   Division,    To- 
peka, Kan. 

F.  M.    Bisbee,    Engineer,    Western   Grand   Division.    La 
Junta,   Colo. 

Gilbert  J.   Bell,   Division  Engineer,   Marceline,   Mo. 
Geo.  Q.  Millett,  Assistant  Engineer,  Los  Angeles,  Cal. 

Assam-Bengal    Railway     i 

G.  H.  Ormerod,  Chief  Engineer,  Lumding,  India. 

Atlanta,    Birmingham    &    Atlantic    Railway 2  384 

Alex.   Bonn>Tnan,  General  Manager,  Atlanta,   Ga. 
M.    O.   Bellingrodt,   Assistant   Engineer;  Atlanta,   Ga. 

Baltimore    &    Ohio    Railroad 39  4.455 

D.  D.   Carothers,  Chief  Engineer,  Baltimore,  Md. 

A.  W.  Thompson,  Chief  Engineer  Maintenance  of  Way, 

Baltimore,   Md. 
A.  M.  Kinsman,  Engineer,  Construction,  Baltimore,  Md. 
H.   R.   Talcott,   Engineer  of   Survej-s,   Baltimore,   Mo. 
M.  A.  Long,  Architect,  Baltimore,  Md. 
C.  E.   Bryan,   Superintendent,  Parkersburg,  W.  Va. 
O.  Rickert,   Superintendent,  Wheeling,  W.  Va. 
H.  H.  Temple,  Superintendent,  New  Ca.stle,  Pa. 
Paul  Didier,  District  Engineer,  Allegheny,  Pa. 
S.    A.    Jordan,    Engineer   Maintenance    of    Way,    Balti- 
more,  Md. 
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Name  of  Road  and  Membership. 
Baltimore    &    Ohio    Railroad — Continued. 


Members.     Mileage. 


Engineer    Maintenance    of    Way,    Pitts- 
Engineer     Maintenance     of     Way, 


W.  V. 


S.    I.. 


E.  G.    I^ane, 
burg,  Pa. 

J.     A.     Spielmann, 
Wlieeling,  W.  Va. 

F.  P.  Patenall,  Signal  Engineer,  Baltimore,  Md. 

W.    S.   Bouton,   Assistant  Engineer  Bridges  afid   Build- 
ings, Baltimore.  Md. 

W.  C.  Barrett,  Division  Engineer,  Wheeling,  W.  Va. 

P.   J.   Bachelder,   Division   Engineer,    Wheeling,   W.   Va. 

R.  N.   Begien,  Division  Engineer,   Pliiladelpliia,   Pa. 

L.  G.   Curtis,   Division  Engineer,   Chicago,  111. 

H.   B.   Dick,   Division  Engineer,   Newark,   Ohio. 

E.    B.    Fithian,    Division    Engineer,    Parkersburg, 

A.  M.   Funk,  Division  Engineer,  New  Castle,  Pa. 

J.  B.   Myers,   Division  Engineer,  Cumberland,  Md. 

Philip  Petri,   Division  Engineer,  Winchester,   Va. 

W.   B.    Redgrave,   Division  Engineer,    St.   George, 
N.-  T. 

L.  P.  Rossiter,  Division  Engineer,  Pittsburg,  Pa. 

E.  V.    Smith,    Division  Engineer,   Cleveland,   Ohio. 

F.  H.    Koppes,    Assistant    Division    Engineer,    Parkers- 
burg, W.   Va. 

J.  H.  Milburn,   Chief  Draftsman,  Baltimore,  Md. 

A.   G.  Boughner,   Office  Chief  Draftsman,  Baltimore, 

Md. 
P.    A.    Beatty,    Assistant   Engineer,    Baltimore,    Md. 

G.  D.  Brooke,   Assistant  Engineer,    Pittsburg,   Pa. 

E.  D.  Jackson,  Assistant  Engineer,   Baltimore,  Md. 
L.    C.   James,   Assistant  Engineer,  Wheeling,  W.  Va. 
J.  B.  Jenkins,  Assistant  Engineer,  Baltimore,  Md. 
H.    A.    Lane,    Assistant   Engineer,    Baltimore,    Md. 

J.  T.  Wilson,  Assistant  Engineer,   Baltimore,  Md. 
Geo.    W.    Andrews,    Inspector    of    Maintenance,    Balti- 
more, Md. 
C.  H.  Spencer,  Resident  Engineer,  Washington,  D.  C. 

F.  B.   Chalfant,  Asst.   Div.   Engineer,   Cumberland,   Md. 


Baltimore   &    Ohio    Southwestern    Railroad 3  980 

Earl    Stimson,    Chief   Engineer   Maintenance   of   Way, 

Cincinnati,   Ohio. 
Wm.    Archer,   Assistant   Real  Estate  Agent,   Baltimore, 

Md. 
M.   L.   Thayer,  Division  Engineer,  Washington,   Ind. 

Bangor    &    Aroostook    Railroad 2  483 

Moses   Burpee,    Chief  Engineer,    Houlton,    Me. 

P.   C.  Newbegin,  Maintenance  Engineer,   Houlton,   Me. 

Bessemer    &    Lake    Erie    Railroad i  195 

H.   T.   Porter,   Chief  Engineer,   Greenville,   Pa. 

Bolivia     Railway     2 

Rankin  Johnson,  Chief  Engineer,  La  Paz,  Bolivia,  S.  A. 
F.   W.   Andros,   Chief  Assistant   Engineer,   La  Paz,   Bo- 
livia,  S.   A. 
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Name  of  Road  and  Membership.  Members.     Mileage. 

Boston    &    Albany    Railroad 2  392 

"Walter  Shepard,   Consulting  Engineer,   Boston,  Mass. 
George    Crocker,    Civil    Engineer,    Real    Estate    Depart- 
ment, Boston,  Mass. 


Boston    &    Maine    Railroad 2  2,293 

J.   P.   Snow,  Bridge  Engineer,  Boston,  Mass. 
J.   P.   Canty,    Supervisor  Bridges  and  Buildings,   Fitch- 
burg,  Mass. 


Boston    Elevated    Railroad i  jg 

John  Ware,  Assistant  Engineer,  Boston,  Mass. 


334 


Buffalo    &    Susquehanna    Railway 2 

H.  Herden,  Chief  Engineer,  Galeton,  Pa. 
H.  C.  Landon,  Engineer  Maintenance  of  Way,  Galeton, 
Pa. 


Cammal   &    Black   Forest    Railroad i 

C.  B.  McCuIlough,  General  Manager,  Jersey  Shore,  Pa. 


Canadian    Northern    Railway 4  2,946 

W.   H.   Grant,   Manager  of  Construction,   Ottawa,   Can. 
H.  F.  Forrest,  District  Engineer,  Winnipeg,  Man. 
R.  B.   Pratt,  Railway  Architect,  Winnipeg,  Man. 
A.     F.     Stewart,     Assistant     Chief     Engineer,     Toronto, 
Can. 


Canadian    Northern    Ontario    Railway i  149 

D.   O.   Lewis,    Engineer  Maintenance   of  Way,    Toronto, 
Can. 


Canadian     Pacific    Railway 9         10,091 

F.    P.    Gutelius,    Assistant    Chief    Engineer,    Montreal, 

Can. 
J.    E.    Schwitzer,    Assistant    Chief   Engineer,    Winnipeg, 

Man. 
P.  Alex.  Peterson,  Consulting  Engineer,  Montreal,   Can. 
F.    F.     Busteed,     General     Superintendent,     Vancouver, 

B.  C. 
J.  G.  Sullivan,  Manager  of  Construction,  Toronto,  Can. 
J.  W.  Orrock,  Chief  Draftsman,  Montreal,  Can. 
Frank  Lee,   Division  Engineer,  Winnipeg,  Can. 
W.  A.  James,   Division  Engineer,   Kenora,   Can. 
A.  C.  Dennis,  Assistant  Engineer,  Montreal,  Can. 
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Name  of  Road  and  Membership.  Members.     Mileage. 

Canton-Hankow    Railway     ; i 

John  S.   Goodell,  Principal  Assistant  Engineer,   Canton, 
China. 

Cape    Government    Railways i 

W.   W.  K.   Spariow,  Engineer,   Queenstown,   So.   Africa. 

Carolina,   Clinchfield   &   Ohio   Railway 2  •  .210 

M.  J.  Caples,  General  Manager,  Johnson  City,  Tenn. 
W.  F.   Steffens,  Engineer  Bridges  and  Buildings,   John- 
son City,  Tenn. 

Central    Railway    of    Guatemala i 

D.    B.    Hodgsdon,    General    Manager,    Guatemala    City, 
Guatemala,  C.  A. 

Central   Railroad   of   New   Jersey 4  592 

W.    G.    Besler,    Vice-President    and    General    Manager, 

New  York,   N.   Y. 
Jos.   O.   Osgood,   Chief  Engineer,   Jersey  City,  N.   J. 
C.    H.    Stein,    Engineer    Maintenance    of    Way,    Jersey 

City,   N.  J. 
G.   F.   Morse,   Assistant  Engineer,   New  York,   N.  Y. 

Central     Vermont     Railway i  S36 

J.    M.    Morrison,    Engineer    and    Superintendent    Struc- 
tures, St.  Albans,  Vt. 

Chesapeake    &    Ohio    Railway 2  1,627 

H.   Pierce,   Engineer  of  Construction,   Richmond,  Va. 
C.   W.  Johns,  Assistant  Engineer,  Hinton,  W.  Va. 

Chicago  &  Alton  Railway i  1,005 

W.   D.   Taylor,   Chief  Engineer,   Chicago,   111. 

Chicago   &   Eastern   Illinois   Railroad 2  940 

R.    H.    Howard,    Engineer    Maintenance    of   Way,    Chi- 
cago, 111. 
A.    S.    Markley,    Master    Carpenter,    Danville,    111. 

Chicago    &    Illinois    Western    Railroad : i  i? 

O.    P.    Chamberlain,    Chief  Engineer,   Chicago,   111. 

Chicago    &    Northwestern    Railway 6  9,108 

W.  A.  Gardner,  Vice-President,  Chicago,  111. 
R.  H.  Aishton,  General  Manager,  Chicago,  111. 
Geo.  M.  Davidson,  Chemist  and  Engineer  of  Tests,  Chi- 
cago,  111. 
J.   A.   Peabody.   Signal  Engineer,   Chicago,  111. 
F.    H.   Bainbridge,   Resident   Engineer,   Clinton,   Iowa. 
C.  L.  Ransom,  Resident  Engineer,  Omaha,  Neb, 
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Name  of  Road  and  Membership.                                           Members.     Milease. 
Chicago   &    Western    Indiana    Railroad i  48 

E.  H.  Lee.   Chief  Engineer,   Chicago,  111. 

Chicago,    Burlington    &    Quincy    Railroad 12  8,950 

D.  Willard,    Second  Vice-President,   Chicago,   111. 
T.   E.   Calvert,   Chief  Engineer,   Chicago,   111. 

W.  L.  Breckinridge,  Engineer  Maintenance  of  Way, 
Chicago,  111. 

C.  H.  Cartlidge,  Bridge  Engineer,  Chicago,  111. 

L.  J.  Hotchkiss,  Assistant  Bridge  Engineer,  Chicago, 
111. 

Geo.  H.  Bremner,  Engineer,  Illinois  Di.s'trict,  Chicago, 
111. 

R.  W.  Willis,  Engineer,  Missouri  District,  St.  Louis, 
Mo. 

P.  T.  Darrow,  Principal  Assistant  Engineer,  Lincoln, 
Neb. 

A.  W.  Newton,  Inspector  Maintenance  of  Way,  Chi- 
cago, 111.  ~ 

M.  H.   Wickhorst,   Engineer  of  Tests,  Aurora,   111. 

F.  M.   Patterson,   Assistant   Engineer,    Chicago,   111. 

E.  P.  Weatherly,   Resident  Engineer,   St.   Joseph,   Mo. 

Chicago    Great   We.stern    Railway 5  1,380 

W.  H.   Chadbourn,   Chief  Engineer,   St.   Paul,  Minn. 

W.  B.  Causey,  Superintendent,  Chicago,  III. 

C.   A.    Christofferson,   Signal  Engineer,    St.    Paul,    Minn. 

G.  H.  Herrold,  Division  Engineer,   Chicago,   111. 

W.  A.  Christian,  Assistant  Engineer,   St.  Paul,  Minn. 


Chicago,    Indiana    &    Southern    Railway ^.      i 

C.   W.  Hotchkiss,  General  Manager,   Chicago,  111. 
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Chicago,    Indianapolis    &    Louisville    Railway 2  ,519 

A.   S.   Kent,   Division  Engineer,   Chicago,  111.  . 

W.    A.   Wallace,    Division    Engineer,    Chicago,    111. 

Chicago,    Lake    Shore    &    Eastern    Railway i  u 

A.    Montzheimer,   Chief  Engineer,   Joliet,   111. 

Chicago,   Lake   Shore   &   South   Bend   Railway i  71 

H.  U.   Wallace,   General  Manager,   Michigan   City,   Ind. 

*Chicago,  Milwaukee  &  St.  Paul   Railway  of  Washington.     7 
H.    R-  Williams,    President,    Seattle.    Wash. 
E.  J.  Pearson,   Chief  Engineer,   Seattle,  Wash. 
W.  E.   Dauchy,  Division  Engineer,  Missoula,  Mont. 
C.    H.    Byers,    Assistant   Engineer,    North   Bend,    Wash. 
W.  I.  Bassett,   Assistant  Engineer,   Spokane,   Wash. 
W.  H.  Davisson,  Assistant  Engineer,   Missoula,  Mont. 
G.  A.  Kenrick,  Office  Engineer,  Helena,  Mont. 


*Under  construction. 
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Name  of  Road  and  Membership.  Members.     Mileage. 

Chicago,   Milwaukee  &   St.    Paul   Railway 3  7,077 

C.    F.    Loweth,    Engineer    and    Superintendent    Bridges 

and  Buildings,   Chicago,  111. 
L.  R.  Clausen,  Superintendent,  Chicago,  111. 
G.  B.  Woodworth,  Rail  Inspector,  Chicago,  111. 

Chicago,    Peoria   &   St.    Louis   Railway i  234 

J.  P.   Ramsey,  General  Manager,  St.  Louis,  Mo. 

Chicago,  Rock  Island   &   Pacific  Railway 10  7,984 

J.   B.    Berry,    Chief  Engineer,   Chicago,   111. 

H.  S.  Cable,  General  Superintendent,  Central  District, 
Davenport,  la. 

A.  D.  Page,  Principal  Assistant  Engineer,   Chicago,  111. 

A.  K.    Shurtleff,   Office  Engineer,   Chicago,   111. 

W.  H.  Petersen,  Bridge  Engineer,  Chicago,  111. 

Dr.  Hermann  Von  Schrenk,  Supervisor  of  Timber  Pres- 
ervation,  St.  Louis,  Mo. 

Garrett  Davis,   Superintendent,  Cedar  Rapids,  Iowa. 

J.  M.  Brown,  District  Engineer,   Davenport,  Iowa. 

J.   G.   Bloom,  District  Engineer,  Topeka,   Kan. 

John  C.   Beye,  Locating  Engineer,   Chicago,   111. 

Chicago,   St.   Paul,   Minneapolis   &  Omaha  Railway i  1,642 

E.    C.   Blundell,   General   Roadmaster,   Eau    Claire,   Wis. 

*Chicago   Southern   Railway    2 

E.  H.  Pfafflin,  Chief  Engineer,   Chicago,  111. 

F.  R.  Puder,  Assistant  Engineer,  Chicago,  111. 

Chicago    Terminal    Transfer    Railroad 2  84 

J.  N.   Faithorn,   President,   Chicago,  111. 

E.  N.  Layfleld,  Chief  Engineer,  Chicago,  111. 

Chicago   Traction    3 

George  Weston,   Board  of  Supervising  Engineers,    Chi- 
cago,  111. 
J.   C.  Gray,  Assistant  Engineer,   Chicago,   111. 
S.  D.  Pugh,  Assistant  Engineer,  Chicago,  111. 

Chihuahua    &    Pacific    Railway i  178 

H.   C.   Ferris,   General  Manager,   Chihuahua,   Mexico. 


Cincinnati    &    Muskingum    Valley    Railroad i 

Paul  Jones,   Superintendent,  Zanesville,   Ohio. 
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Cincinnati,   Hamilton   &    Dayton   Railway 4  977 

C.   A.   Wilson,   Chief  Engineer,   Cincinnati,  Ohio. 

I.  F.  White,  Division  Engineer,  Dayton,   Ohio. 

M.   "V.   Hynes,   Division  Engineer,  Indianapolis,   Ind. 

II.  F.  Passell,  Division  Engineer,  Chillicothe,  Ohio. 

♦Under  construction. 


MILEAGE    OF     ROADS    AND     MEMBERS.  881 
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Cincinnati    Northern    Railroad i  209 

W.   D.  Williams,   Chief  Engineer,  Van  Wert,   Ohio. 

Cleveland,   Cincinnati,   Chicago   &   St.    Louis   Railway 14  2,329 

W.   M.   Duane,   Chief  Engineer,   Cincinnati,   Ohio. 

C.  A.  Paquette,  Assistant  Chief  Engineer,  Cincinnati, 
Ohio. 

A.  L.  Kuehn,  Engineer  Track  and  Roadway,  Cincin- 
nati, Ohio. 

O.   E.   Selby,  Bridge  Engineer,   Cincinnati,  Ohio. 

Hadley  Baldwin,   Superintendent,  Mattoon,   111. 

M.  A.  Neville,  Superintendent,  Indianapolis,  Ind. 

L.   S.  Rose,  Signal  Engineer,   Cincinnati,  Ohio. 

Robert  Ferriday,  Engineer  Maintenance  of  Way,  In- 
dianapolis,  Ind. 

Paul  Hamilton,  Engineer  Maintenance  of  Way, 
Springfield,    Ohio. 

H.  H.  Knowlton,  Engineer  Maintenance  of  Way,  Mt. 
Carmei^  111. 

C.  S.  M4tlard,  Engineer  Maintenance  of  Way,  Indianap- 
olis, Ind. 

A.  S.  More,  Engineer  Maintenance  of  Way,  Wabash, 
Ind. 

John  G.  Shillinger,  Engineer  Maintenance  of  Way, 
Gallon,  Ohio. 

R.   H.  Moore,   Anderson,   Ind. 

Colorado    &    Southern    Railway i  1,075 

H.  W.  Cowan,  Chief  Engineer,  Denver,  Colo. 

Davenport,  Rock  Island  &  Northwestern  Railway i  47 

C.  E.   Sheriff,   Chief  Engineer,  Davenport,  Iowa. 

Delaware,   Lackawanna   &   Western    Railroad 2  957 

Lincoln  Bush,  Chief  Engineer,  Hoboken,  N.  J. 
G.   J.  Ray,  Division  Engineer,   Scranton,  Pa. 

Delaware    &    Hudson    Company i  782 

C.  S.   Sims,  General  Manager,  Albany,   N.  Y. 

Detroit   &   Mackinac   Railway i  259 

H.  S.  Waterman,  Chief  Engineer,  East  Tawas,  Mich. 


Detroit   River  Tunnel  Company 4 

W.   S.  Kinnear,   Chief  Engineer,   Detroit,  Mich. 

B.   Douglas,  Tunnel  Engineer,   Detroit,  Mich. 

A.    C.    Everham,    Assistant    Tunnel    Engineer,    Detroit, 

Mich. 
J.  C.  Mock,  Electrical  Engineer,  Detroit,  Mich. 
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Duluth,   Missabe  &   Northern   Railway 2  242 

W.  A.  McGonagle,  Vice-President.  Duluth,  Minn. 

W.  H.  Hoyt,  Assistant  Chief  Engineer,  Duluth,  Minn. 

Duluth,   South   Shore  &  Atlantic   Railway i  583 

V.  D.   Simar,   Acting  Chief  Engineer.   Marciuette.   Mich. 

Electric    Light,    Railway   &    Power    Company i 

F.  G.  Simmons,  Engineer  and  Superintendent,  Mil- 
waukee,  Wis. 

Elgin,  Joliet   &  Eastern  Railway i  199 

A.  MSntzheimer,  Chief  Engineer,  Joliet,  111. 

El    Paso   &   Southwestern   Railway    System 2  808 

H.  J.  Simmons,  General  Manager,  El  Paso,  Texas. 
J.    Li.    Campbell,    Engineer    Maintenance    of    Way,    El 
Paso,  Texas. 

Erie    Railroad    25  2,169 

F.  D.  Underwood,  President,  New  York,  N.  Y. 

W.    J.    Harahan.    Assistant    to    President,    New    York, 

N.   Y. 
J.  C.   Stuart,  General  Manager,   New  York,  N.  Y. 
J.    B.    Dickson,    Assistant    to    General    Manager,    New 

York,   N.  Y. 
Francis  Lee   Stuart,   Chief  Engineer,   New  York,   N.   Y. 

G.  H.  Burgess,  Principal  Assistant  Engineer,  New 
York,  N.  Y. 

C.  H.  Moore,  Engineer  Grade  Crossings,  New  York, 
N.  Y. 

R.    S.   Parsons,    Superintendent,   Hornell,   N.  Y. 

James  Burke,  Engineer  Maintenance  of  Way,  Cleve- 
land,  Ohio. 

Albert  Swartz,  Division  Engineer,  Huntington,  Ind. 

L.   D.   Crear,   Chief  Draftsman,  New  York,   N.  Y. 

C.    K.    Conard,    Assistant   Engineer,    Middletown,    N.    Y. 

W.  M.   Dawley,  Assistant  Engineer,  New  York,  N.   Y. 

W.  W.   Drinker,  Assistant   Engineer,   New  York,   N.   Y. 

R.    C.   Falconer,   Assistant  Engineer,   New  York,    N.   Y. 

L.   E.   Lannan,   Assistant  Engineer,   McKeesport,  Pa. 

Richard  Mather,   Assistant   Engineer,  Cuba,   N.   Y. 

C.  H.  Miesse,  Assistant  Engineer,  Cuba,  N.  Y. 

W.  A.  Smith,  Assistant  Engineer,  Suffern,  N.  Y. 

R.   B.  Carver,  Resident  Engineer,  New  York,  N.  Y. 

C.  A.  Davis,  Resident  Engineer,  Fillmore,  N.  Y. 

A.  D.  P.  Janney,  Resident  Engineer,  Portageville,  N.  Y. 

J.  T.  Libbey,  Resident  Engineer,  Corry,  Pa. 

A.   G.   Norton,    Resident  Engineer,    Otisville,   N.   Y. 

C.   H.    Splitstone,   Resident   Engineer,    Olean,    N.    Y. 

Esquimau    &    Nanaimo    Railway i  82 

Joseph  Hunter,  General  Superintendent,  Victoria,  B.  C. 
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Fonda,  Johnstown    &   Gloversville    Railroad i  86 

F.  A.  Bagg,  Engineer,  Gloversville,  N.  Y. 

Fort    Smith    &    Western    Railroad i  196 

B.  F.  Bcckman,    Superintendent,   Fort   Smith,   Ark. 

Fort    Worth    &    Denver    City    Railway i  453 

G.  F.  Cotter,  General  Superintendent,  Ft.  Worth,  Texas. 

Gila   Valley,    Globe   &   Northern    Railway \ i  124 

C.  C.  Mallard,   Superintendent,  Globe,  Ariz. 

Grand    Rapids    &   Indiana    Railway i  575 

F.  J.    Stimson,    Engineer   Maintenance   of   Way,    Grand 
Rapids,  Mich. 

Grand    Trunk    Pacific   Railway 3  3,559 

H.  A.  Woods,  Assistant  Chief  Engineer,  Montreal,  Can. 
L.  B.  Merriam,   Division   Engineer,  Winnipeg,  Can. 
K.  J.  C.  Zinck,  Chief  Draftsman,   Montreal,   Can. 

Grand   Trunk   Railway   System 6  5,180 

E.  H.   Fitzhugh,    Third   Vice-President,    Montreal,    Can. 
Howard  G.   Kelley,   Chief  Engineer,  Montreal,   Can. 
William    McNab,    Principal    Assistant    Engineer,    Mon- 
treal,   Can. 

M.   S.   Blaiklock,   Engineer  Maintenance   of  Way,   Mon- 
treal, Can. 
J.  R.  W.   Ambrose,  Assistant   Engineer,   Montreal,   Can. 
L.   N.   Edwards,  Assistant  Engineer,  Montreal,   Can. 

Great    Northern    Railway    System 5  6,315 

J.    R.    W.    Davis,    Engineer    Maintenance    of    Way,    St. 

Paul,   Minn. 
Chas.  A.  Dunham,   Signal  Engineer,  St.  Paul,   Minn. 
O.    L.     Holman,     Assistant    Engineer    Maintenance     of 

Way,   Willmar,   Minn. 

G.  G.  Wilcox,  Assistant  Engineer  Maintenance  of  Way, 
Willmar,   Minn. 

F.  B.  Walker,  Resident  Engineer,   St.   Paul,  Minn. 

Guantanamo    Railway    i  \     40 

Richard  Brooks,   General  Manager  and  Chief  Engineer, 
Guantanamo,  Cuba. 

Halifax    &    Southwestern    Railway i  369 

L.  H.  Wheaton,  Engineer  Maintenance  of  Way,  Bridge- 
water,  N.  S. 
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Harriman    Lines 3        14.023 

J.    Kruttschnitt,    Director    of   Maintenance   and   Opera- 
tion, Chicago,  111. 
W.    B.    Scott,    Assistant    Director    of    Maintenance    and 

Operation,   Chicago,   111. 
John   D.    Isaacs,   Consulting   Engineer,    Chicago,   111. 

Hocking    Valley    Railroad 2  338 

Wm.  Michel,  Engineer  Maintenance  of  Way,  Columbus, 

Ohio.  • 

J.   E.   Johnson.   Division  Engineer,  Logan,   Ohio. 

Hokkaido-Tanko     Railway     i  207 

Takuichi  Ohmra,  Chief  Engineer,  Iwanizawa,  Japan. 

Hudson   River  Tunnels i 

J.  W.  Leahy,  Engineer  Track  and  Substructure,  Jersey 
City,  N.  J. 

Illinois   Central   Railroad 12  5,587 

L.   C.  Fritch,  Assistant  to  President,  Chicago,  111. 

I.  G.   Rawn,  Vice-President,  Chicago,  111. 

A.   S.  Baldwin,   Chief  Engineer,  Chicago,  111. 

H.    R.    Safford,    Chief   Engineer    Maintenance    of    Way, 

Chicago,   111. 
D.   J.   Brumley,   Principal  Assistant  Engineer.    Chicago, 

111. 
O.   M.   Dunn,   Superintendent,  New  Orleans,   La. 
M.  H.  Hovey,   Signal  Engineer,  Chicago,  111. 

C.   W.    Pifer,    Roadmaster,    Clinton,    111.  '■ 

A.   P.   Blaess,   Roadmaster,   Louisville,   Ky. 
F.  B.   Oren,  Assistant  Roadmaster,  Princeton,  Ky. 
A.   L.   Davis,   Assistant  Engineer,   Chicago,  111. 
N.  E.  Baker,  Assistant  Signal  Engineer,  Chicago,  111. 

Illinois    Traction    Company i  100 

Ralph   McCalman,   Engineer   Maintenance  of  Way,    De- 
catur, 111. 

Illinois    Tunnel    Company i  60 

Wm.  J.  C.  Kenyon,  General  Manager,  Chicago,  111. 

Imperial    Government    Railways    of   Japan 6 

Sozaburo     Sugiura,     Engineering     Department,     Tokio, 

Japan. 
Seiichi  Furukawa,  Department  Engineer,  Tokio,  Japan. 
Hyotaro  Inagaki,   Engineer,   Taipeh,   Formosa. 
Daiske  Nishi,  Engineer,  Tokio,  Japan. 
Tokichi  Endo,  Engineer.  Chemulpo,  Korea. 
Junnosuke    Yamaguchi,  Tokio,  Japan. 

International    Railway    of    Buffalo i 

T.  W.  Wilson,  General  Manager,  Buffalo,  N.  Y. 
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Kanawha    &    West    Virginia    Railroad i  21 

G.   S.  Plumley,  Engineer  Maintenance  of  Way,  Charles- 
ton, W.  Va. 

Kansas    City    Belt    Railway i  17 

G.    M.   Walker,    Jr.,   Assistant   Engineer   and   Roadmas- 
ter,   Kansas  City,  Mo. 

Kansas   City,   Mexico  &   Orient   Railway 3  599 

E.  Dickins-on,  General  Manager,   Kansas  City,  Mo. 
M.  P.  Paret,  Chief  Engineer,   Kansas  City,   Mo. 

W.  W.  Colpitts,  Assistant  Chief  Engineer,  Kansas  City, 
Mo. 

Kansas  City  Southern  Railway 3  "j^j 

A.  F.   Rust,   Resident  Engineer,    Kansas  City,   Mo. 

J.    A.    Lahmer,    Principal    Assistant    Engineer,    Kansas 

City,   Mo. 
Walt  Dennis,   Office  Engineer,   Kansas   City,   Mo. 

*Kansas   City   Terminal   Railway i 

John  V.   Hanna,   Chief  Engineer,   Kansas  City,   Mo. 

Kettle    Valley    Lines i  42 

H.    W.    Warrington,    Superintendent    and    Chief    Engi- 
neer,  Grand  Forks,  B.  C. 

Keweenaw    Central    Railway i  34 

Frank  E.  Simar,   Chief  Engineer,  Hancock,  Mich. 

Lake   Shore  &   Michigan    Southern    Railway 9  1,508 

Samuel  Rockwell,   Chief  Engineer,   Cleveland,  Ohio. 
G.    C.    Cleveland,    Assistant    Chief   Engineer,    Cleveland, 
Ohio. 

B.  R.   Leffler,  Bridge  Engineer,  Cleveland,   Ohio. 

R.    O.    Rote,    Jr.,    Principal    Assistant    Engineer,    Cleve- 
land, Ohio. 
J.   C.  L.  Fish,  Division  Engineer,  Corsica,  Pa. 

C.  P.     Howard,     Engineering    Department,     Cleveland, 
Ohio. 

F.  E.     Bissell,     First    Assistant    Engineer,     Cleveland, 
Ohio. 

Willard   Beahan,    Assistant    Engineer,    Cleveland,    Ohio. 
John  F.   Schwed,   Franklin,  Pa. 

Lake  Superior  &  Ishpeming  and  Munising  Railways i  loi 

R.   C.  Young,  Chief  Engineer,  Marquette.  Mich. 

Laramie,   Hahns   Peak  &  Pacific   Railroad i  30 

R.    D.    Stewart,    Superintendent    and    Chief    Engineer, 
Laramie,  Wyo. 

•Under  construction. 
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Lehigh   Valley  Railroad. 8  i,394 

B.  B.  Ashby,   Cliief  Engineer,   New  York,   N.  Y. 

F.    E.    Schall,    Bridge   Engineer,    Soutli    Betlilehem,    Pa. 
R.    G.    Kenly,    Engineer    Maintenance    of    Way,     South 

Bethlehem,  Pa. 
A.  H.  Dakin,  Jr.,  Terminal  Engineer,  New  York,  N.  Y. 
Frank  W.    Gilcreast,    Division   Engineer,   Hazleton,   Pa. 
W.  M.  Kennedy,  Divis-ion  Engineer,  Sayre,  Pa. 
R.  A.  Van  Houten,  Division  Engineer,  Easton,  Pa. 

E.  F.  Ackerman,  Assistant  Engineer,  New  York,  N.  Y. 

Little    Kanawha    Railroad i  30 

S.  D.   Brady,   Chief  Engineer,   Parkersburg,   W.  Va. 

Long    Island    Railroad    System 2  392 

C.  L.    Addison,    Assistant    to    President,    Long    Island 
City,  N.  Y. 

J.    B.    A^istin,    Jr.,    Engineer   Maintenance   of   Way,    Ja- 

Louisiana   &   Arkansas    Railway i  218 

F.  W.  Green,  General  Superintendent,  Stamps,  Ark. 

Louisville    &    Nashville    Railroad 5  4,149 

R.   Montfort,    Consulting  Engineer,   Louisville,    Ky. 
W.   H.    Courtenay,    Chief  Engineer,   Louisville,   Ky. 
J.    E.    Willoughby,    Engineer    of    Construction,    Louis- 
ville,  Ky. 
J.   C.  Moore,   Roadmaster,   Paris,  Tenn. 
J.  F.   Burns,   Roadmaster,  Elizabethtown,  Ky. 
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Macon,    Dublin    &    Savannah    Railroad 2 

J.    T.    Wright,    Vice-President    and    General  ,  Manager, 

Macon,  Ga. 
D.  B.  Dunn,  Chief  Engineer,  Macon,  Ga. 

Madisonville,   Hartford   &   Eastern   Railroad i 

Geo.  W.   Feagin,   Chief  Engineer,  Midway,  Ala. 

Maine     Central     Railroad., i  816 

B.  W.   Guppy,  Bridge  Engineer,  Portland,  Me. 

Marinette,   Tomahawk  &    Western    Railroad i  50 

R.   B.    Tweedy,    President,    Milwaukee,   Wis. 

Mexican  Central  Railroad 7  3,503 

S.  M.  Felton,   President,  City  of  Mexico,  Mexico. 

Lewis  Kingman,  Chief  Engineer,  City  of  Mexico, 
Mexico. 

Hans  Bentele,  Assistant  Chief  Engineer,  City  of  Mex- 
ico, Mexico. 
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Mexican   Central    Railroad — Continued. 

C.  T.   Norton,   Superintendent,   Saltillo,   Mexico. 

E.    S.    Banks,    Superintendent,    Guadalajara,    Mexico. 
L.    W.    Miller,    General   Track   Inspector,    City   of   Mex- 
ico, Mexico. 

D.  D.  Colvin,  Resident  Engineer,   City  of  Mexico.  Mex. 

Mexican    Pacific    Railway • i  59 

A.   P.   Herbert,   Superintendent,  Colima,   Mexico. 

Michigan     Central     Railroad 8  1,731 

W.    S.    Kinnear.    Assistant    General    Manager,    Detroit, 

Mich. 
G.  H.  Webb,  Chief  Engineer,  Detroit,  Mich. 
R.    JD.    Starbuck,    Assistant    Chief    Engineer,     Detroit, 

Mich. 
W.    H.    Sellew,    Principal    Assistant    Engineer,    Detroit, 

Mich. 
Hans  Ibsen,  Bridge  Engineer,   Detroit.  Mich. 
T.  H.   Hickey,   Roadmaster.   St.   Thomas,   Ont. 
C.    C.    Hill,    Division   Engineer,    Niles.    Mich. 

E.  R.   Lewis,    Division   Engineer,   Bay  City,   Mich. 

Minneapolis,   St.    Paul   &   Sault    Ste.    Marie  Railway 2  2.480 

E.  Pennington,    General    Manager,    Minneapolis,    Minn. 
H.  L.  Lauglilin.  Engineer  Maintenance  of  Way,  Minne- 
apolis, Minn. 

Minneapolis   &  St.   Louis   and   Iowa   Central   Railways....     i  1,564 

W.    D.    Wheeler,    Chief   Engineer,    Minneapolis,    Minn. 

Missouri   &    North   7\.rkansas    Railroad .2  250 

G.  L.   Sands,  Vice-President,  St.  Louis,  Mo. 
W.  S.  Dawley,   Chief  Engineer,  St.  Louis,  Mo. 

Missouri,   Kansas    &    Texas    Railway i  3,072 

S.   B.   Fisher,  Chief  Engineer,   St.  Louis,   Mo. 

Missouri  Pacific  Railway   System 26  7,182 

C.   S.    Clarke,  Vice-President,   St.  Louis,  Mo. 

A.  W.   Sullivan,  General  Manager,  St.  Louis,  Mo. 

J.   W.   Higgins,   Assistant  General   Manager.    St.    Louis. 
M.   L.    Byers,    Chief  Engineer   Maintenance   of  Way, 
St.  Louis,   Mo. 

F.  B.    Scheeiz,    Superintendent    of    Bridees,    St.    Louis. 
Robert     H.     Ford,     Principal     Assistant     Engineer,     St. 

Louis,   Mo. 

B.  H.   Mann,   Signal  Engineer,   St.   Louis,  Mo. 
H.    E.    Hale,    St.    Louis,   Mo. 

C.  H.   Miller,   Engineer   River   Protection,    Little   Rock. 
W.  J.  Burton,   Division  Engineer,   St.  Louis,  Mo. 

W.  M.  Cotton,  Division  Engineer,  Nevada,  Mo. 

F.  W.  Bettle,  Division  Engineer,  Pueblo,  Colo. 

A.    F.    Dorley,    Division    Engineer,    Osawatomie,    Kan. 
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Mi.ssouri   Pacific   Railway — Continued. 

P.    F.   Gentine,   Division   Engineer,   Atchison,    Kan. 

T.    H.    Gault,    Division   Engineer,    Osawatomie,    Kan. 

P.  Galvin,  Division  Engineer,  Chester,  III. 

E.  E.  Hanna,  Division  Engineer,  "Wynne,  Ark. 

John  R.  Leighty,   Division  Engineer,   Kansas  City,  Mo, 

D.  O.  McClure,  Division  Engineer,  Kansas  City,  Mo. 
R.  O.  Morrison,  Division  Engineer,  Coffeyville,  Kan. 
A.   P.  Morrison,   Division  Engineer,   Sedalia,   Mo. 

J.   A.    Simmons,   Division  Engineer,   Ferriday,   La. 
S.    E.    Ross,    Assistant    Division    Engineer,    Chester,    111. 
A.   C.   Butterworth,   Assistant  Engineer,   St.  Louis,   Mo 
W.  C.   Curd,  Assistant  Engineer,  St.  Louis,  Mo. 

E.  A.  Skinner,  Assistant  Engineer,   St.   Louis,  Mo. 


Members.     Mileage. 


Missouri   River  &  Bonne  Terre   Railway i  55 

C.  H.  Fake,  Chief  Engineer,  Bonne  Terre,  Mo. 

Mobile    &    Ohio    Railroad i  926 

B.   A.  Wood,  Resident  Engineer,  Mobile,  Ala. 

Monongahela     Railroad     i  57 

D.  K.  Orr,   Engineer,   Brownsville,  Pa. 

Nashville,   Chattanooga  &   St.   Louis  Railway 4  1,230 

J.    W.    Thomas,    Jr.,    President    and    General    Manager, 

Nashville,   Tenn. 
Hunter  McDonald,  Chief  Engineer,  Nashville,  Tenn. 
G.  D.  Hicks,   Superintendent,  Tullahoma,  Tenn. 
I.   O.  Walker,  Assistant  Engineer,  Paducah,   Ky. 


National    Railroad   of    Mexico i 

J.   M.   Reid,   Chief  Engineer,   City  of  Mexico,  Mexico. 

National    Railway    of    Tehuantepec i 

John    B.    Body,    Managing    Director,    City    of    Mexico, 
Mexico. 

National   Transcontinental    Railway 4 

Duncan  MacPherson.  Assistant  Chief  Engineer,  Ottawa, 

Can. 
A.  N.  Molesworth,   District  Engineer,   Ottawa,   Can. 
,       F.    J.    Mcintosh,     Division    Engineer,    Vermillion    Bay, 

Ont. 
Gordon  Grant,  Inspecting  Engineer,  Ottawa,   Canada. 


1,969 
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New   Orleans    Terminal    Company i 

F.  G.   Jonah,  Terminal  Engineer,   New  Orleans',   La. 


25 
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New    York,    Ontario    &   Western    Railway i  493 

C.  E.  Knickerbocker,  Engineer  Maintenance  of  Way, 
Middletown,   N.   Y. 

New  York  Central  &  Hudson  River  Railroad 15  2,990 

George  W.  Kittredge,  Chief  Engineer,  New  York,  N.  Y. 

G.  A.  Harwood,  Chief  Engineer  Electric  Zone  Improve- 
ment, New  ,York,   N.  Y. 

Dr.  P.  H.  Dudley,  Rail  Expert,  New  York,  N.  Y. 

A.  B.  Corthell,  Assistant  Executive,  Grand  Central 
Station  Architects,  New  York,  N.  Y. 

Chas.  J.  Parker,  Principal  Assistant  Engineer,  New 
York,   N.  Y. 

W.  T.  Dorrance,  Designing  Engineer,  New  York,  N.  Y. 

W.   H.   Elliott,   Signal  Engineer,   New  York,   N.   Y. 

Azel  Ames,  Jr.,  Signal  Engineer  Electric  Zone,  New 
York,  N.  Y. 

J.  C.  Irwin,  Office  Engineer,  New  York,  N.  Y. 

C.  E.  Lindsay,  Engineer  Maintenance  of  Way,  Elec- 
tric Zone,   New  York,  N.   Y. 

G.   W.   Vaughan,    Engineer   Maintenance   of  Way,    New 

York,  N.  Y. 
H.    S.    Balliet,    Engineer    Maintenance    of   Way,    Grand 

Central    Station   and  Electric   Division,    New   York. 
Henry   Lehn,    Maintenance    of   Way    Accountant,    New 

York,  N.  Y. 
S.  E.  Coombs,  Assistant  Engineer,  Yonkers,  N.  Y. 

D.  L.  Parker,  Assistant  Engineer  Electric  Zone,  New 
York,  N.  Y. 

New   York,    Chicago   &   St.    Louis   Railroad 9  523 

A.    W.    Johnston,    General   Manager,    Cleveland,    Ohio. 

E.  E.  Hart,  Chief  Engineer,   Cleveland,  Ohio. 

A.  J.  Himes,  Assistant  Chief  Engineer,  Cleveland,  Ohio. 
W.   J.   Bergen,   Assistant  to  Chief  Engineer,   Cleveland, 

Ohio. 
G.  H.  Tinker,  Bridge  Engineer,   Cleveland,  Ohio. 
C.    B.    Hoyt,    Superintendent   Track,    Bellevue,    Ohio. 
W.   P.   Boright,  Division   Engineer,   Conneaut,   Ohio. 
J.    W.    Wilkinson,    Division    Engineer,    Cleveland,    Ohio. 
C.   H.   Smith,   Assistant  Engineer,   Cleveland,  Ohio. 

New    York,    New    Haven    &    Hartford    Railroad 5  2,003 

E.  H  McHenry,  Fourth  Vice-President,  New  Haven, 
Conn. 

E.  P.  Dawley,  Engineer  of  Construction,  New  Haven, 
Conn. 

W.   H.   Moore,   Bridge  Engineer,   New  Haven,   Conn. 

E.  W.  Wiggin,  Superintendent  Bridges  and  Buildings, 
^  New  Haven,   Conn. 

Wm.  Graham,  Assistant  Engineer  Bridges  and  Build- 
ings, New  Haven,  Conn. 

New    York,    Philadelphia    &    Norfolk    Railroad i  112 

J.  G.   Rodgers,   Superintendent,   Cape  Charles,  Va. 
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New   Zealand    Government    Railways 3  2,374 

D.    T.    Mcintosh,    District    Engineer,    Auckland,     New 

Zealand. 
F.  W.  MacLean,  Inspecting  Engineer,   Wellington,  New 

Zealand. 
James   Burnett,    In-specting   Engineer,    Wellington,    New 
Zealand.. 

Norfolk    &    Southern    Railway 2  408 

F.    L.    Nicholson,    Engineer   Maintenance   of   Way,    Nor- 
folk,  Va. 
George    F.     Syme,    Division    Engineer,    Wilson,    N.     C. 

Norfolk    &    Western    Railway 3  1-877 

Chas.   S.   Churchill,  Chief  Engineer,  Roanoke,  Va. 
C.    C.    Wentworth,    Principal   Assistant    Engineer,    Roa- 
noke, Va. 
W.   P.  Wiltsee,   Assistant  Engineer,   Roanoke,  Va. 

Northern     Electric     Railway i 

A.   D.   Schindler,   General   Manager,   San   Francisco,   Cal. 

Northern   Pacific   Railway    8  6,221 

Howard  Elliott,  President,   St.  Paul,  Minn. 

W.  L.  Darling,   Chief  Engineer,   St.   Paul.  Minn. 

W.   C.   Smith,    Engineer  Maintenance  of  Way,   St.   Paul, 

Minn. 
H.  B.  Merriam,  Roadmaster,   Drummond,   Mont. 
H.  M.   Stout,  Assistant  Engineer,   Pasco,   Wash. 
L.    M.    Perkins,    Division    Engineer,    St.   Paul,   Minn. 
F.  W.  Lownsbury,  Resident  Engineer,  Spokane,  Wash. 
L.   J.    Mclntyre,   Assistant   Engineer,    St.    Paul,    Minn. 

*Oregon    &    Washington    Railroad ,    i 

H.  F.   Baldwin,  Chief  Engineer,  Seattle,  Wash. 

Oregon    Short    Line 3  1,503 

Wm.  Ashton,  Chief  Engineer,   Salt  Lake  City,  Utah. 
J.   p.   Congdon,   Supervising  Engineer,   Pocatello,   Idaho. 
A.  Q.  Campbell,  Assistant  Engineer,  Ogden,  Utah. 

Panama    Railroad     i  50 

H.  J.   Slifer,  General  Manager,  Colon,  Panama. 

Pennsylvania   Lines  West  of   Pittsburg 9  2,761 

Thomas  Rodd,  Chief  Engineer,    Pittsburg.    Pa. 

Thos.   H.  Johnson,   Consulting  Engineer,   Pittsburg,  Pa. 

W.    C.    Gushing,    Chief   Engineer   Maintenance   of   Way, 

Southwest   System,   Pittsburg,   Pa. 
Robert    Trimble,    Chief  Engineer  Maintenance   of  Way, 

Northwest  System,  Pittsburg,  Pa. 

♦Under  construction. 
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J.  C.  Bland,  Engineer  Bridges,  Pittsburg,   Pa. 

E.  G.  Ericson,  Principal  Assistant  ■  Engineer,  North- 
west System,  Pittsburg,  Pa. 

R.  C.  Barnard,  Superintendent,  Cincinnati,  Ohio. 

FYank  Rhea,  Engineer  Maintenance  of  Way,  Logans- 
port,  Ind. 

A.  A.  Wirth,  Engineer  Maintenance  of  Way,  Allegheny. 
Pa. 

Pennsylvania    Railroad     5  5,294 

Jos.  T.  Richards,  Chief  Engineer  Maintenance  of  Way, 
Philadelphia,  Pa. 

Robert  Bell,   Superintendent,  Buffalo,  N.  Y. 

A.  H.  Rudd,  Signal  Engineer,  Philadelphia,  Pa. 

C.  C.  Anthony,  Assistant  Signal  Engineer,  Philadel- 
phia, Pa. 

W.    S.   Thompson,   Assistant   Engineer,    Sunbury,    Pa. 

Pennsylvania  Tunnel  &  Terminal  Raiiroad 2 

R.   D.   Coombs,    Structural   Engineer,   New  York,   N.   Y. 
Fred  Lavis,   Resident  Engineer.   Mt.   Vernon,   N.   Y. 

Peoria    &    Pekin    Union    Railway i  18 

W.  E.  Emery,  Chief  Engineer,  Peoria,  111. 

Pere     Marquette    Railroad 2  2.143 

J.  F.  Deimling,  Chief  Engineer,  Detroit,  Mich. 
Job   Tuthill,    Engineer   Bridges   and   Buildings.    Detroit, 
Mich. 

Philadelphia     &    Reading    Railway 4  2.649 

Wm.   Hunter,   Chief  Engineer,  Philadelphia,   Pa. 

F.  S.    Stevens,   Superintendent,   Reading,    Pa. 
J.  E.  Turk,  Superintendent,  Tamaqua,  Pa. 

C.  H.  Ewing,  Engineer  Maintenance  of  Way,  Reading, 
Pa. 

Philadelphia    Elevated    Railroad    &    Subway i  25 

Chas.  M.  Mills,  Principal  Assistant  Engineer,  Phila- 
delphia, Pa. 

Philippine  Islands   Railways    2 

W.     B.     Poland,    Vice-President    and     Chief    Engineer, 

Manila,  P.  I. 
L.   F.  Goodale,   Supervising  Engineer,   Manila.   P.   I. 

Pittsburg    &    Lake    Erie    Railroad •. 4  191 

J.  A.  Atwood,  Chief  Engineer,  Pittsburg.  Pa. 
A.  R.  Raymer,  Assistant  Chief  Engineer,  Pittsburg,  Pa. 
Edwin  F.  Wendt,  Assistant  Engineer,  Pittsburg,  Pa. 
E.   W.    Boots,   Assistant   Engineer,    McKeesport,    Pa. 
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Pittsburg,    Shawmut    &    Northern    Railroad i  250 

H.  S.  Wilgus,  Engineer  Maintenance  of  Way,  Angelica, 
N.  Y. 


Quebec,  Montreal  &  Southern  Railway i  I44 

F.  D.  Anthony,  Chief  Engineer,  Montreal,   Can. 


Queen   &    Crescent    Route 5  I.I35 

Horace  Baker,   General   Manager,   Cincinnati,   Ohio. 
Edward    Ford,    Assistant    to    President,    New    Orleans, 

La. 
Dennis   Sheahan,   Roadmaster,    Lexington,   Ky. 
A.   A.   Woods,   Resident   Engineer,   Vicksrburg,   Miss. 
J.   C.   Haugh,  Resident   Engineer,   New  Orleans,   La. 


Quincy,   Omaha   &   Kansas    City    Railroad i  257 

W.   G.   Brimson,   Vice-President   and   General  Manager, 
Kansas  City,   Mo. 


Rutland     Railroad     •■     i  4^5 

G.   L.  Moore,   Chief  Engineer,  Rutland,  Vt. 


St.  Louis  &  San   Francisco  Railroad 4  S.065 

J.  F.   Hinckley,   Chief  Engineer,   St.  Louis,  Mo. 

C.  D.   Purdon,   Consulting  Engineer,   St.   Louis,   Mo. 

V.    K.    Hendricks,    Assistant    Engineer   Maintenance    of 

Way,   St.  Louis,  Mo. 
A.  L.  Phillips,  Engineering  Department,  St.  Louis,  Mo. 

San   Antonio   &   Aransas    Pass    Railway i  7^4 

John     S.     Peter,     Acting    General     Manager,     Yoakum, 
Texas. 


*San   Francisco,   Idaho   &   Montana   Railway i 

F.  H.  Richardson,   Chief  Engineer,   Caldwell,  Idaho. 

Santa  Fe,  Prescott  &  Phoenix  Railway i  433 

W.  A.  Drake,  Vice-President,   Prescott,  Ariz. 

San  Pedro.  Los  Angeles  &  Salt  Lake  Railroad 2  1,075 

E.  M.   Jessup,   Engineer  Maintenance  of  Way,   Los  An- 
geles, Cal. 
R.  K.  Brown,  Engineer  Maintenance  of  Way,  Salt  Lake 
City,  Utah. 

♦Under  construction. 
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Seaboard  Air  Line ' 7  2,610 

W.  A.  Garrett,  President,  Norfolk,  Va. 

L.   G.   Haas,    Receiver's  Agent,   Baltimore,   Md. 

H.   M.  Waite,   Superintendent,   Birmingham,   Ala. 

J.    C.   Nelson,   Engineer  Maintenance  of  Way,    Norfolk, 

Va. 
A.   O.   Wilson,   Division  Engineer,  Richmond,   Va. 
Blair  Hughes,  Division  Engineer,  Hamlet,  N.  C. 

Seoul-Fusan    Railroad    i 

J.   Inagaki,   Chief  Engineer,   Fusan,   Korea.  / 

Southern  Indiana  Railways 2  197 

E.  H.  Pfafflin,  Chief  Engineer,   Chicago,  111. 

J.   F.  Cassell,   Division  Engineer,   Terre  Haute,   Ind. 

South    Side   Elevated   Railroad i  48 

C.  V.  Weston,   President,  Chicago,   111. 

Southern     Pacific     Company 7  8,002 

W.  G.  Van  Vleck,  General  Manager,  Atlantic  System, 
Houston,   Texas. 

E.  B.   Gushing,  Houston,  Texas. 

Wm.    Hood,   Chief  Engineer,   San  Francisco,   Cal. 

R.  Koehler,  Purchasing  Agent,  Portland,  Ore. 

J.  H.  Wallace,  Assistant  Chief  Engineer,  San  Fran- 
cisco, Cal. 

Thos.  Fitzgerald,  Resident  Engineer  and  Assistant 
Superintendent,  Ogden,  Utah. 

L.    D.    Smith,    Engineering    Department,    Oakland,    Cal. 

Southern    Railway    Company 5  7,502 

C.  H.   Ackert,   Vice-President,  Washington,   D.  C. 

D.  W.  Lum,  Chief  Engineer  Maintenance  of  Way  and 
Structures,   Washington,   D.   C. 

W.   F.   H.   Finke,   Tie  and  Timber  Agent,   Washington, 

D.  C. 
C.  C.  Coffee,   Superintendent,  Princeton,  Ind. 
Edward     Gray,     Engineer     Maintenance     of     Way,     St. 

Louis,  Mo. 

Spokane    International    Railway i  141 

E.  G.   Taber,  Chief  Engineer,   Spokane,  Wash. 

Susquehanna   &   New   York   Railroad i  88 

C.    A.    Derr,    Engineer,    Williamsport,    Pa. 

Temiskaming    &    Northern    Ontario    Railway i  138 

G.   A.   McCarthy,   Chief  Engineer,   North   Bay,  Ont. 

Terminal   Railroad  Association    2  80 

H.  J.  Pfeifer,  Engineer  Maintenance  of  Way,  St.  Louis, 

Mo. 
J.   F.   Peters,   Assistant  Engineer.    St.   Louis,    Mo. 
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Texas     Midland     Railroad i  125 

L.    W.    Wells,    Chief   Engineer,    Terrell,    Texas. 

Transandine     Railway     i 

A.    Hohagen,     Resident    Engineer,     Los    Andes,     Chile, 
S.  A.  ... 

Uintah   Railway   i  55 

M.  W.  Cooley,  General  Managejj  Mack,  Colo. 

Union   Pacific  Railroad 8  3,272 

R.   L.   Huntley,   Chief  Engineer,   Omaha,   Neb. 

A.  D.    Schermerhorn,    Division   Engineer,    Omaha,    Neb. 
James  Keys,   Assistant   Engineer,   Omaha,   Neb. 

W.   A.  Parker,  Resident  Engineer,   Omaha,   Neb. 
C.  H.  Gerber,  Resident  Engineer,  Omaha,  Neb. 
F.  W.   Ranno,   Assistant  Engineer,  Granger,  Wyo. 
C.   C.  Post,  Jr.,  Assistant  Engineer,  Omaha,  Neb. 
Jesse  G.  June,    Assistant  Engineer,    Granger,    Wyo. 

Union   Railroad    i  30 

E.  J.    Randall,    Engineer    Maintenance    of    Way,    Port 
Perry,  Pa. 

Union    Stock    Yards    &   Railroad ^ i  50 

W.  S.  King,  Chief  Engineer,  Omaha,  Neb. 

Utah    Light,   Railway   &    Power    Company i  100 

L.  L.   Dagron,   Salt  Lake  City,  Utah. 

Vandalia  Line    3  830 

F.  T.  Hatch,  Chief  Engineer,   St.  Louis,   Mo. 

R.    K.    Rochester,     Principal     Assistant     Engineer,     St. 

Louis,  Mo. 
Maurice   Coburn,   Engineer  Maintenance  of  Way,   Terre 

Haute,  Ind. 

Vera    Cruz    &    Pacific    Railroad I  266 

Walter  A.   Hill,   Chief  Engineer,  Vera  Cruz,  Mexico. 

Victorian     State     Railways I  3A^^ 

Thos.  Tait,   Chairman,   Melbourne,   Australia. 

Virginian     Railway  3  442 

H.   Fernstrom,  Chief  Engineer,   Norfolk,  Va. 

B.  T.    Elmore,  Assistant   Chief   Engineer,    Norfolk,   Va. 

C.  H.   Stengel,  Designing  Engineer,   Norfolk,   Va. 
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Wabash-Pittsburg   Terminal,   Wheeling   &   Lake   Erie   and 

West   Side   Belt   Railways 5  522 

F.  A.  Delano.  President,  Chicaso.  III. 

B.  A.  Worthington,  Vice-President  and  General  Mana- 
ger,   Cleveland,    Ohio. 

H.  T.  Douglas,   Jr.,   Chief  Engineer,   Cleveland,   Ohio. 

G.  E.  Scott,  Assistant  Engineer,'  Cleveland,  Ohio. 

Wabash    Railroad     System 4  2,515 

F.  A.   Delano,  President,   Chicago.  111. 
A.   O.   Cunningham,   Chief  Engineer,   St.   Louis,   Mo. 
J.  E.   Taussig,  Terminal  Engineer,  St.  Louis,  Mo. 
Jos.   M.    Slater,   Assistant   Engineer,   St.   Louis,   Mo. 

Wellington    &    Manawatu    Railway i  84 

James    Marchbanks,    Chief    Engineer,    Wellington,    New 
Zealand. 

Western     Allegheny    Railroad i  50 

Thomas  Liggett,   Jr..   Chief  Engineer,   New  Castle,   Pa. 

Western    Pacific    Railway 2  316 

V.   G.   Bogue,   Vice-President   and   Chief   Engineer,    San 

Francisco,   Cal. 
A.    W.    Buel,    Associate    Bridge    Engineer,    New    York, 

N.  T. 

Western    Railways    of    Australia i  1.605 

Thomas    Watson,    Resident    Engineer,    Coolgardie,    W. 
Australia. 

Wisconsin     Central     Railway i  1,298 

C.  N.   Kalk,   Chief  Engineer,   Chicago,   111. 

Total    number   of   members "jz}, 

*  Total    mileage    represented    234,691 
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A 

Accounts,  Individual  Ledger,  665-667,  669,  t"; 2-^"/ '^. 

Address,   President's   annual,  9-14. 

Anthony,  C.  C,  discussion  on  Signaling  and  Interlocking,  66-86,  94. 

Arrangements,  thanks  to  Committee  on,  23,  24. 

Aspects,   Signal  Indications   and,   58-62,  66-86. 

Typical,  for  method  of  uniform  signaling,  53. 
Atwood,  J.  A.,  discussion : 

On  Records,  Reports  and  Accounts,  677,  678,  679,  680,  682,  683,  690. 

On  Roadway,  635,  636,  637,  638,  645,  646,  647. 

On  Yards  and  Terminals,  576,  577,  578,  579,  580,  581,  582. 
Austin,  J.   B.,  Jr.,  discussion  on   failure  of  cross-ties,  705,   706. 
Automatic  Block   System,   requisites  of  installation,  49. 

B 

Baldwin,  A.   S.,  discussion : 

On  Buildings,  197,  199. 

On  Iron  and  Steel  Structures,  289,  290. 

On  Records,  Reports  and  Accounts,  679,  684,  686,  687,  690. 

On  Uniform  Rules,  35. 
Ballast  Deck  Structures,  Open  versus,  253-283. 

Floor  Trestles,  315,  320-331. 
Ballasting,  report  on,  307-310. 

Ballast  Cross-sections  for  Crushed  Rock  and  Slag,  309. 

Discussion,  311,  312. 
Barnard,  R.  C,  discussion  on  Uniform  Rules,  31,  2>2;  Z2>^  34,  Z->,  36-  Z7,  38- 
Begien,  R.  N.,  discussion  on  Time  as  an  Element  in  Considering  Grade 

Reductions,   785-790. 
Benjamin,    C.    H.,    discussion   on   allowable    length    of    flat    spots    on    car 

wheels,  302,  303. 
Berg,  Walter   G.,   discussion : 

On  Ballasting,  311. 

On  Buildings,  195,  198.  .IC9,  200,  208.  209.  210,  211,  212. 

On  Iron  and  Steel  Structures,  289,  290,  291,  292,  296. 

On  Masonry,  659. 

On  Records,  Reports  and  Accounts,  6"/%,  679. 

On  Roadway,  642,  643. 

On  Signaling  and  Interlocking,   100,  loi,  103,  ic6,  107,  108. 
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Berg,    Walter    G. — Continued. 

On  Uniform  Rules,  34,  2,7,  38. 

On  Wooden  Bridges  and  Trestles,  365,  366. 

On  Yards  and  Terminals,  572. 

Election   of,   as    President^   20. 

Remarks    of,    21,   22. 

Memoir  of,  i-ix. 
Bergen,  W.  J.,  discussion : 

On  Ballasting,  311. 

On  Track,  407. 
Berry,  J.   B.,  discussion : 

On  Causes  of  Cross-tie  Failure,  701. 

On  Uniform  Rules,  36.  > 
Breckinridge,  W.  L.,  discussion  on  causes  of  cross-tie  failure,  "or. 
Bremner,  Geo.  H.,  discussion : 

On  Records,  Reports  and  Accounts,  688. 

On  Roadway,  '631,  632,  633,  634,  635,  638,  639,  640,  641,  642,  643,  644, 
645,  646,  647. 
Bridge  and  Trestle  Timbers,  specifications  for,  317,  318. 
Bridges,  classification  of,  as  to  safe  carrying  capacity,  218-221. 

Classification  of,   for  operating  purposes,   219,   220. 
Brooke,  G.  D.,  discussion : 

On  Records,  Reports  and  Accounts,  677,  689. 

On  Yards   and   Terminals,    583. 
Buildings,  report  on,   163-182. 

Best  Arrangement  of  Windows  and  Roof  Lights,  and  Proper  Ratio 
of  Light  Area  to  Floor  Space,   172. 

Best  Method  for  Smoke  Removal,  Ventilation  and  Heating  of  Round- 
houses, 170,  171. 

Best  Types  of  Locomotive  Coaling  Stations  for  Various   Conditions, 
163-166. 

Discussion,  183-212. 

Minority  Report,  173. 

Types  of  Locomotive  Coaling  Plants,  175-181. 

Use  of  Movable  or  Fixed  Cranes  for  Facilitating  Locomotive  Repair.-, 
in   Roundhouses,    171,    172. 

Use  of  Reinforced  Concrete  for  Roundhouses,  166-170,  182. 
Burns,  J.  F.,  discussion  on  causes  of  cross -tie  failure,  705. 
Bush,  Lincoln,  discussion  on  causes  of  cross-tie  failure,  707. 
Business   Session,  9-24. 
Byers.  M.  L.,  discussion: 

On    Records,    Reports    and    Accounts,    679.    680.    681,    685,    686,    68?., 
691. 

On  Roadway,  632,  633.  634.  640,  641,  646.  648. 

On  Track,  422. 

On  Yards   and   Terminals,   584. 
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Cable,  H.  S.,  discussion  on  Signaling  and  Interlocking,   104,   105. 
Camp,   W.    M.,   discussion : 

On  Roadway,  633,   640. 

On  Track,  409,  412,  417,  420,  421. 

On  Uniform  Rules,  35. 

On  Yards  and  Terminals,  578,  579. 

Resolution  of  thanks  to  Committee  on  Arrangements,  2;^,  24. 
Campbell,  J.  L.,  discussion  on  Water   Service,   113-131,   155-162. 
Carothers,  D.   D.,  discussion : 

On  Buildings,  185,   186,   192. 

On  Roadway,  638,  644,  647. 

On  Track,  420,  421. 

On  Uniform  Rules,  sy,  38. 

Election  of,  as   Director,  24. 
Car  Wheels,  allowable  length  of  flat  spots  on,  297-304. 
Chamberlain,  O.   P.,  discussion  on  Buildings,  183,  184,  185,   186,    187,   188,- 
189,   190,   191,   192,   194,    195,    196,    197,    198.    199,   200,   201,   203,   204, 
206,  207,  208,  209,  210,   211,   212. 
Churchill,  C.   S.,  discussion :  ' 

On  Ballasting,  312. 

On  Buildings,    186,    187,   200. 

On  Ties,  700. 

On  Track,  419. 

On  Wooden  Bridges  and  Trestles.  375,  376. 

Election  of,  as  Director,  20. 
Classification  of  Southern  Yellow  Pine,  359,  360. 
Clausen,  L.  R.,  discussion  on  Signaling  and  Interlocking,  63-65. 
Coaling  Stations,  for  various  conditions,   163-166. 
Coal-tar  Creosote,  specifications  for  the  analysis  of,  708-711. 

Changes   which   take   place   in,   during   exposure,    738-764. 
Coburn,  Maurice,  discussion : 

On    Buildings,    186,    187,    188,    190,    191,    193,    195,    196,    201,    202,   203, 
204,  205,  206,  207. 

On  Roadway,  641. 

On  Ties,  699. 
Committees  for  1908-1909,  826-838. 
Concrete,  reinforced,  for  roundhouse  construction,  166-170.   182. 

Aggregates,   for   stone,  656,  657. 
Condron,  T.  L.,  discussion  on  Iron  and  Steel  Structures,  292,  293. 
Constitution,  805-812. 
Coombs,  R.   D.,   discussion   on    Wooden   Bridges   and   Trestles,   366,   368, 

369,   370,  371. 
Cost  of  Fast  and  Slow  Freight  Traffic,  comparative,  795-798. 
Cowles,  L.  S.,  discussion  on  replacement  of  bridges,  250,  251. 


902  INDEX. 

Creosote,  specifications  for  the  analysis  of,  708-711. 

Changes  which  take  place  in,  during  exposure,  738-764. 
Cummings,  J.   P.,  discussion  on  Yards   and  Terminals.  580,   581. 
Cunningham,  A.  O.,  discussion  on  Masonry,  659. 
Curing  of  Slides,  389,  398-404. 
Curtis,    W.   W.,   discussion: 

On  Ties,  768. 

On  Wooden  Bridges  and  Trestles,  364,  365,  2i^- 
Cashing,  E.  B.,  discussion  on  Ties,  703. 
Cushing,  W.  C,  discussion: 

On  Rail,  449-466,  509,  510,  511,  512. 

On  Records,  Reports  and  Accounts,  68r,  682. 

On  Roadway,  642,  644, 

On  Signaling  and  Interlocking,  94,  95,  96,  98,  99. 

On  Track,  407,  408,  410,  411,  412,  413,  414,  421,  422. 

On  Water  Service,  154. 

On  Yards  and  Terminals,  582,  584,  585. 

D 

Davis,  Garrett,  discussion  on  Track,  419. 

Dawley,  W.   S.,  re-election  of,  as  Treasurer,  20. 

Day  Indications  for  Semaphore   Signals.  44. 

Dun,  James,  eulogy  of,   16-18. 

Dunham,  Chas.  A.,  discussion  on  Signaling  and  Interlocking,  97, 


Earth   Slides,  discussion  on,  398-404. 

Economics  of  Railway  Location,  report  on,  771-774. 

Comparative  Cost  of  Fast  and  Slow  Freight  Traffic,  795-758. 

Discussion,  792-794. 

Time  as  an  Element  in  Considering  Grade  Reductions,  775-791. 
Electrical  Treatment  of  Water  for  Locomotive  Boilers,   114.   155-162. 
Elliott,  W.   H.,  discussion  on   Signaling  and   Interlocking,   94. 
Ewing,  C.  H.,  discussion: 

On  Buildings,  196,  198,  199,  207. 

On  Iron  and  Steel  Structures,  2S8,  29.'3,  296,  297. 

On  Records,  Reports  and  Accounts,  680,  681,  682. 

On  Roadway,  648. 

On  Signaling   and    Interlocking,    88,   89,   90,   91,   92,   96,   99.    loi,    ro2, 
103,   104. 

On  Ties,   703,   704. 

On  Track,  409,  410,  415,  421,  423. 

On  Uniform  Rules,  2)Z,  34,  35- 

On  Yards  and  Terminals,  576,  580,  581,  582,  583. 

Remarks  of,  23. 
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Fay,   F.   H.,  discussion  on   replacement  of  bridges   and   allied   structures, 

251,  252. 
Flat  Spots  on  Car  Wheels,  allowable  length  of,  297-303. 
Floesch,  J.  M.,  discussion  on  Ties,  706. 
Freight  Handling  Machinery,  534-540. 

Houses  and  Warehouses,  532-534. 

Transfer  Stations,  529-532. 
Fritch,  E.  H.,  re-election  of,  as   Secretary,  20. 

Resolution  of  thanks  to,  23. 
Fritch,  L.  C,   election  of,  as   Vice-President,   20. 
Frogs,  specifications  for,  388. 

G 

Gage  on  Curves,  widening  of,  389,  393-397- 

Grade  and  Curve  Impro\fement  Work  Outside  Cities,  603-610. 

Reductions,  time  as  an  element  in  considermg.  775-794- 
Green,  F.  W.,  discussion : 

On  Economics  of  Railway  Location,  792-794. 

On  Ties,  699. 
Greensfelder,  A.  P.,  discussion  on  Yards  and  Terminals,  582. 
Greiner,  J.  E.,  discussion  on  Iron  and  Steel  Structures,  285.  286,  287,  288, 

289,  290,  291,  292,  293,  294,  295,  296,  297. 
Guard  Rail,  proposed  standard,  388,  392. 
Gutelius,   F.   P.,  discussion : 

On  Buildings,    184. 

On  Track,  411. 

H 

Harwood,  G.  A.,  discussion  on  Ties,  700. 

Hatt,  W.  K.,  discussion  on  Wooden  Bridges  and  Trestles,  365,  366,  368, 

369.  370,  376-382. 
Heat  Transmission  Loss  due  to  Boiler  Scale,   135-153. 
Hendricks,  V.  K.,  discussion  on  Yards  and  Terminals,  581. 
Higgins,  H.  K.,  discussion  on  Replacement  of  Bridges  and  Allied  Struc- 
tures, 235-241. 
Himes,  A.  J.,  discussion : 

On  Allowable  Limit  of  Flat  Spots  on  Car  Wheels,  297-302. 

On  Buildings,  204. 

On  Iron  and  Steel  Structures,  293,  294. 
Hinckley,  J.  F.,  discussion  on  Open-hearth  Steel  Rails,  473,  474. 

Remarks  on  the  late  James   Dun,   17. 
Howard,  J.  E.,  discussion  on  the  Strength  and  Endurance  of  Steel  Rails, 

475-480. 
Hump  Switching,  514-525. 

Yards,  conveying  car  riders  in,  526-528. 
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Indications  and  Aspects,  signal,  58-62,  66-86. 
Individual  Ledger  Accounts,  665-667,  669,  672-675. 
Instructions  to  Committees,  813-825. 
Interlocking,  report  on,  39>-86. 
Iron  and  Steel  Structures,  report  on,  213-234. 

Classification  of  Bridges  as  to  Safe  Carrying  Capacity,  218,  219. 

Classification  of  Bridges  for  Operating  Purposes,  219,  220. 

Conclusion,  217. 

Conclusion,  221. 

Deflections,    227,    228. 

Explanation  of  Tabulated  Data,  224-227,  229-234. 

General  Description  of  the  Work,  223,  224. 

Impact   Tests,   222-234. 

Inspection  of  Bridges,  213-215. 

Instruments    used,    222,    223. 

Records  of  Bridges,  216,   217. 

Reports  of  Bridges,  215. 

Structures  Tested  and  Railroads  concerned,  223. 


Jacoby,  Henry  S.,  discussion  on  Wooden  Bridges  and  Trestles,  361,  365, 

366,  368,  370,  371,  372,  :i7z,  374,  375- 
Johnston,  A.  W.     (See  also  under  The  President)  : 

Address   of,  9-14. 

Resolution  of  thanks  to,  23. 
Kelley,  Howard  G.,  discussion : 

On   Roadway,   648. 

On  Wooden  Bridges  and  Trestles,  369. 

Remarks  on  the  late  James  Dun,   17. 
Kittredge,  George  W.,  discussion : 

On  Buildings,   184. 

On  Records,  Reports  and  Accounts,  677,  683,  684,  686,  688,  690. 

On  Roadway,  635,  636,  638,  640. 

On  Signaling  and  Interlocking,  97. 

On  Ties,  706,  707. 

On  Track,  415,  423. 

On  Uniform  Rules,  35. 


K 


Koppes,  F.  H.,  discussion  on  Ties,  700. 
Kuehn,  A.  L.,   discussion  on  Ties,  703. 
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Lee,   E.    H.,  discussion : 

On  Buildings,   189,    191. 

On  Roadway,  643,  644,  645. 
Light   Arrangement   in    Roundhouses,    172. 
Lights,  color  of,  for  signals,  44. 
Lindsaj-,  C.  E.,  discussion : 

On  Buildings,  185,  189,  194. 

On  Iron  and  Steel   Structures,  286,  293,  294. 

On  Records,  Reports  and  Accounts,  679. 

On  Roadwa}',   642. 

On  Track,  410,  411,  414,  415,  416,  421. 

On  L^niform  Rules,  2>7- 
Locomotive   Coaling   Stations,   typical  plants   for  various   conditions,    175- 

181. 
Locomotive  Repairs  in  Roundhouses,  the  use  of  movable  or  fixed  cranes 

for   facilitating,    171,    172. 
Loweth,   C.  F.,  discussion : 

On  Buildings,  204,  205,  206. 

On  Roadway,  645. 

On  Wooden  Bridges  and  Trestles,  368,  369. 
Lum,  D.  W.,  discussion : 

On  Buildings,  188,  192,  206.    - 

On  Iron  and   Steel  Structures,  294. 

M 

Manual  Block  System,  requisites  of  installation  for,  48,  49. 
Masts,  signal,  location  of,  42. 
MacPherson,  Dtmcan,  discussion : 

On  Ballasting,  312. 

On  Masonry%  659,  660. 

On  Track,  428-430. 
McDonald,    Hunter,    discussion : 

On  Buildings,    186,    190,    192,    197,   204,  205. 

On  Rail,   467,   468,   508. 

On  Records,  Reports  and  Accounts,  683,  684,  686,  689,  690,  691. 

On  Roadway,  635,  638,   644,  645,   647,   648. 

On  Signaling  and  Interlocking,   108. 

On  Ties,  705. 

On  Wooden  Bridges  and  Trestles,  361,  364,  366,  369,  370. 

On  Yards   and    Terminals,   585. 
McGuigan,  F.  H.,  discussion  on  Buildings,  186,  191,  196,  197,  198. 
McNab,  William,  discussion : 

On  Economics  of  Railway  Location,  794. 

On  Records,  Reports  and  Accounts,  688,  689. 
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M'cNab,  William — Continued. 

On  Roadway,  634,  635,  641,  642. 

On  Uniform  Rules,  33. 

Remarks  of,  23. 
Masonry,  report  on,  649-658. 

Aggregates  for  Stone  Concrete,  656,  657. 

Discussion,  659,  660. 

Specifications   for    Stone   Masonry,   650-655. 
Membership,  839-874. 
Milburn,  J.   H.,   discussion   on  Records,  Reports  and  Accounts.   685,   686, 

687. 
Mileage  of  Roads  and  Membership,  875-895. 
Montfort,   R.,   discussion : 

On  Buildings,  190,  191,  192. 

On  Track,   421. 

On  Wooden   Bridges   and   Trestles,   2>7^- 
Montzheimer,  A.,  discussion  on  Records,  Reports  and  Accounts.  687.  688. 
Morse,  C.  A.,  discussion  on  Buildings.   193,  203,  207. 

Remarks  on  the  late  James  Dun,  18. 

N 

North,  H.  M.,  discussion  on  Yards  and  Terminals,  586-588. 

o 

Officers,  Past  and  Present,  801-804. 
Organization  of  Committees,  826-838. 
Osgood,  Jos.  O.,  discussion  on  Ties.  704. 


Past  and  Present  Officers,  801-804. 

Peabody,  J.  A.,  discussion  on  Uniform  Rules,  t,2,  36,  ZT- 

Pence,  W.  D.,  discussion  on  Roadwa}-,  647. 

Pfeifer,  H.  J.,  discussion: 

On  Ties,  705. 

On  Yards  and  Terminals,  582,  583. 
Piling,  revised  specifications  for,  319. 
Poland,  W.  B.,  discussion  on  Comparative  Cost  of  Fast  and  Slow  Freight 

Traffic,  795-798. 
Porter,  H.  T.,  discussion: 

On  Roadway,   646. 

On  Track,  414. 

On  Yards  and  Terminals,  585. 
Preservation  of  Structural  Timbers,  315,  350-358. 
President,  address  of,  9-14. 
Purdon,  C.  D.,  remarks  on  the  late  James  Dun,  17.   18. 
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R 

Rail,    report   on,   431-508. 

Blank  forms  for  reporting  Rail  Failures,  433,  434^  435,  447,  448. 

Proposed    Standard    Rail    Sections   of   the   American    Railway    Asso- 
ciation, 437-446. 

Rail  Record  Blanks,   Pennsylvania  Railroad  System,  449-466. 
Records  of  Bridges,   216,  217. 
Records,  Reports  and  Accounts,  report  on,  661-675. 

Discussion,    676-694. 

Individual  Ledger  Accounts,  665-667,  669,  672-675. 

Right-of-way  ]\Iaps,  663,  664,  667,  668. 

Track  Maps,  664,  665,  668,  669. 
Raid,   R.   H.,   discussion : 

On  Iron  and  Steel  Structures,  294. 

On  Wooden  Bridges  and  Trestles,  z^j. 
Reinforced  Concrete  for  Roundhouse  Construction,  166-170,   182. 
Rhea,  Frank,   discussion : 

On  Roadway,  647,  648. 

On  Signaling  and  Interlocking,  90,  52,  94,  97,  98,  loi,  102,  104. 

On  Track,  411,  412. 

On  Yards  and  Terminals,  573-575. 
Right-of-way  Maps,  ^z,  664,  667,  668. 
Roadway,  report  on,  589-630. 

Discussion,    631-648. 

Grade  and  Curve  Improvement  Work  Outside  Cities,  603-610. 

The   Determination    of   Waterway    for    Culverts,   611,   612. 

Track  Elevation  and  Depression  in  Cities,  591-602,  613-630. 
Roberts,  S.   S.,  discussion  on   Track,  412. 

Robinson,    A.-    F.,    discussion   on    Open    Versus    Ballast    Deck    Structures, 
253-283,  304,  305. 

Remarks  of,  on  the  late  James  Dun,  17,  18. 
Rock,  ballast  sections   for,  309. 
Roof  Lights   in   Roundhouses,    172. 
Rose,  L.   S.,  discussion  on   Track,  405,  406,  407,  408,  410,  411,   412,  413, 

414,  415,  416,  417,  418,  419,  420,  421,  422,  423. 
Roundhouses,  reinforced  concrete  for,   166-170,   182. 

Rowe,  S.  M.,  discussion  on  Effect  of  Treated  Ties  on  Electrical  Appli- 
ances used  in  Block  or  General  Signal  Service,  765-767. 
Rudd,   A.    H.,   discussion   on    Signaling  and   Interlocking,  87,   88,   89,   90, 

91,  92,  95,  96,  99,  100,  loi,  102,  103,  106,  107,  108. 
Rules    Governing    Supervisors   of    Signals,   29,   30. 


s 

Safe  Unit  Stresses   for   Structural   Timber.s,  315,  331-349. 
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Safford,  H.   R.,  discussion : 

On  Buildings,   187,   189,  190,  193,  194,   198,  199,  206. 

On  Records,  Reports  and  Accounts,  676,  677,  679,  681,  682,  683,  684. 
685,  686,  687,  688,  690,  691,  693,  694. 

On  Ties,   704. 

On  Track,  415,  416,  421. 
Sands,  G.  L.,  discussion  on  Ties,  706. 
Scales,  track,  525,  526,  557-559- 
Schvvitzcr,  J.  E.,  discussion  on  Buildings,  185,  205. 
Selby,  O.    E.,  discussion : 

On  Buildings,    193,  203,  204. 

On  Iron   and   Steel    Structures,   285,   287,   288,   291,  292. 

On  Wooden  Bridges  and  Trestles,  367. 
Shurtleff,   A.    K.,   discussion : 

On  Time   as   an   Element   in   Considering   Grade   Reductions,   775-784, 
790,    791. 

On  Track,  413,  414,  416,  417,  418,  419. 

On  Water  Service,  154. 
Signaling  and  Interlocking,  report  on,  39-57. 

A  Method  of  Uniform   Signaling,  45,  46. 

Conclusions,  56,  57. 

Discussion,    87-108. 

Requisite  Indications  for  Telegraph  Block,  Controlled  Manual   Block, 

•    Automatic    Block,    Interlocking   and   other    signals,   46-52. 

Signal  Indications  and  Aspects,  58-62,  66-86. 

Suggestions  as  to  Selection  or  Development  of  a  Basis  for  a  Correct 
System   of  Railway   Signaling,   63-65. 

System  of  Signaling,  41-45. 

Typical    Aspects,    53. 
Signs,  Fences,  etc.,  report  on,  769,  770. 
Slides,   curing   of,   389,   398-404. 

Smith,  F.  A.,  discussion  on  Track,  406,  408,  409,  417. 
Smoke  Removal,  Ventilation  and   Heating  of   Roundhouses,    i/O,    171. 
Snow,   J.    P.,   discussion : 

On  Iron  and  Steel  Structures,  294,  295. 

On  Rail,  469-472,  480-506. 

On  Wooden  Bridges  and  Trestles,  364.  368,  370. 
Southern  Yellow   Pine,  classification  of,  359,  360. 
Split   Switch,    reinforced,   design    of,   391. 
Standard   Names   for    Structural   Timbers,    358. 
Steel  Rails,  Strength  and  Endurance  of,  475-506. 
Steffens,  W.   F.,  discussion : 

On  Buildings,   190,   194. 

On  Iron  and  Steel   Structures,  289,  295. 

On  Roadway,  647. 

On  Uniform  Rules,  36. 

On  Wooden  Bridges  and  Trestles,  368. 
Stevens,  F.   S.,  discussion : 

On  Buildings,   202,  203,  204. 
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Stevens,    F.    S. — Continued. 

On  Signaling  and  Interlocking,  io6,   107. 

On  Track,  405,  406,  407,  408,  410,  411,  413,  418,  424-428. 

On  Yards  and  Terminals,  571,  5/2,  575.   5/6.  577,  578,  579,  582,   584, 
585. 
Stone  Masonry,  specifications  for,  650-655. 
Storey,  W.   B.,  Jr.,  discussion : 

On  Buildings,  205,  206. 

Remarks   on   the   late   James   Dun,    17. 
Structural  Timber,  preservation  of,  315,  350-358. 

Standard   Names   for,  358,  359. 
Supervisors   of   Signals,   rules   governing,   29,   30. 

Swain,  G.   F.,  discussion   on   Replacement   of  Bridges   and   Allied    Struc- 
tures, 246-248. 
Switches,   length   of,  387,   388. 


Terminals,  report  on,   513-570. 
Ties,   report  on.  695-767. 

Causes  of  Failure  of  Cross-Ties,  699-707. 

Changes    which    take    Place    in    Coal-Tar    Creosote    during    Exposure, 
738-764. 

Discussion,    768. 

Effect  of  Treated  Ties  on  the   Electrical   Appliances  used   in    Block 
or  General  Signal  Work,  765-767. 

Specifications  for  Analysis  of  Coal-Tar  Creosote,  708-711. 

The    Determination    of    Zinc   in    Treated    Timbers,    712-714. 

Tie   Supply,   future   policy  of  railroads   with  reference   to,   715-736. 

Wood  Preserving  Plants  in  the  United  States,  and  Mexico,  j^j. 
Tiling  of  Wet  Cuts  and  the  Curing  of  Slides,  389,  398-404. 
Track  Elevation  and  Depression  in  Cities,  591-602,  613-630. 

Maps,  664,  665,   668,  669. 

Scales,  525,  526. 
Track,   report   on,   383-397. 

Frogs,  388. 

Guard  Rail,  388. 

Length  of  Switches,  387,  388. 

Tiling  of  Wet  Cuts  and  the  Curing  of  Slides,  389,  398-404. 

Turnouts,  383-388. 
Trimble,  Robert,  discussion : 

On  Roadway,  631,  632,  637,  638. 

On  Track,  410,  418,  419. 
Tuthill,  Job,  discussion  on  Ties,  699,  700. 

u 

Uniform  Rules,  report  on,  29,  30. 
Discussion,  31-38. 
Rules  Governing  Supervisors  of  Signal.-,,  29,  30. 
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Ventilation  and  Heating  of  Roundhouses,   170,   171. 
Von  Schrenk,  Dr.  Hermann,  discussion : 

On    Changes    which    take    Place    in    Coal-Tar    Creosote    during    Ex- 
posure, 738-764. 
On  Wooden   Bridges  and   Trestles,  z^'^-,  363,  364,  365,   366,  367,   368, 
374,  375- 


w 

Water   Service,   report   on,    109-112. 

Discussion,    154-162. 

Electrical  Treatment  of  Water,   113-115. 

Heat    Transmission    Loss    due    to    Boiler    Scale,    135-153. 

Quality  of  Water,    110-112. 
Water-softening   Plants,   cost  of  installing,    iii. 

Benefits  derived  from,  iii,   112. 

Cost  of  Chemicals,  iii. 

Cost  of  Operating,    in. 
Waterman,  H.  S.,  discussion  on  Buildings,  207. 
Waterway  for  Culverts,  the  determination  of,  611,  612. 
Wendt,    Edwin    F.,    discussion : 

On  Buildings,   200,   201. 

On  Records,  Reports  and  Accounts,  680,  681,  684,  685,  689,  691,  692, 
693,  694. 

On  Roadway,  639,  640,   648. 

On  Track,  411,  417. 

On  Uniform  Rules,  2)^,  38. 

Election  of,  as  Director,  20. 
Widening  of  Gage  upon  Curves,  389,  393-397. 
Willoughby,   J.    E.,    discussion : 

On  Roadway,  ^n,  644. 

On  Ties,   702. 
Wilson,   C.  A.,  discussion : 

On  Ties,  700. 

On  Track,  420. 
Wood  Preserving  Plants  in  the  IJnited   States  and  Mexico,  "jj)!- 
Wood,  B.  A.,  discussion  on  Ties,  704,  705. 
Wooden  Bridges  and  Trestles,  report  on,  313-360. 

Ballast  Floor  Trestles,  315,   320-331. 

Classification  of  Southern  Yellow   Pine,  359,  360. 

Conclusions,   315,   316. 

Discussion,  361-382. 

Preservation  of   Structural   Timber,  315,  350-358. 

Revised  Specifications  for   Piling,  319. 

Safe  Unit  Stresses  for  Structural  Timbers,  315,  331-349. 
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Wooden    Bridges   and    Trestles — Continued. 

Standard  Names  for  Structural  Timbers,  358,  359. 

Standard  Specifications  for  Bridge  and  Trestle  Timbers,  314,  317,  318. 
Worthington.  B.  A.,  discussion  on  Ties,  701.  702. 


Yards  and  Terminals,  report  on,  513-570. 
Conclusions,  540-542. 

Conveying  Car  Riders  in  Hump.  Yards,  526-528. 

Development  in  Hump  Yards  on  the   Pennsylvania    System,   545-554. 
Discussion,   571-588. 

Freight    Handling    Machinery,    534-540. 
Freight  Transfer   Stations,  529-532. 
Freight  Yards  for  Hump   Switching,   514-525. 
Hump  Yard  at  Rutherford,   Pa.,  543-544. 

Methods  Adopted  in   Weighing   Cars  on   Various   Railways,   557-559. 
Railway  Freight  Houses  and  Warehouses,  532-534,  560-570. 
Track    Scales,   525,  526,   555,   556. 
Yard  Lighting,  528,  529. 

z 

Zinc  in  Treated  Timbers,  the  determination   of,  712-714. 
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